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ABSTRACT

The promises of nanotechnology have been framed griety of metaphors, that not
only channel the attention of the public, orierd juestions asked by researchers, and convey
epistemic choices closely linked to ethical prefees. In particular, the image of the
‘therapeutic missile’ commonly used to present étgd drug delivery devices emphasizes
precision, control, surveillance and efficiency.cBwalues are highly praised in the current
context of crisis of pharmaceutical innovation whenilitary metaphors foster a general
mobilization of resources from multiple fields afttng-edge research. The missile metaphor,
reminiscent of Paul Ehrlich’s ‘magic bullet’, hasiied the problem in simple terms: how to
deliver the right dose in the right place at thghtimoment? Chemists, physicists and
engineers who design multi-functional devices ofp@gan vitro can think in such terms, as
long as the devices are not actually operatinguiiinahe messy environment of the body. A
close look at what has been done and what remaihe tlone suggests that the metaphor of
the “therapeutic missile” is neither sufficient,rnreven necessary. Recent developments in
nanomedicine suggest that therapeutic efficacy @aba obtained without negotiating with
the biological milieu and taking advantage of witaaffords. An ‘oikological’ approach
seems more appropriate, more heuristic and mommiping than the popular missile. It is
based on the view of organism asakosthat has to be carefully managed. The dispositions
of nanocapsules have to be coupled with the affarels of the environment. As it requires
dealing with nanoparticles as relational entitidsfined by their potential for interactions)
rather than as stable substances (defined by sidriproperties) this metaphor eventually
might well change research priorities in nanotetbapin general.

KEY WORDS:nanomedicine; pharmacology; nanorobotagic bullet; dispositions;
affordances; efficiency; efficacy.
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Metaphors in Nanomedicine:
The Case of Targeted Drug Delivery

Introduction

The use of nanoparticles for delivering drugs apecific site is one of the most attractive
promises of nanotechnology today. Targeted druigel®l systems are nanostructures tailored
to deliver pharmaco-active molecules just whelis iteeded (Manish and Vimukta, 2011, p.
135). The major advantage of drug vectorizatiotingd it reduces the systemic toxicity of the
medicine, thus minimizing side effects while impray its efficacy (Drews, 2000). In
addition, this technique allows treating body pdhat were once out of reach from most
medicines (e.g.: the brain). Finally, the innovatitss also sought for ‘rescuing’ or
‘repurposing’ drugs that were shelved for beingttmac.

Targeted drug delivery systems are flagship pradwdt nanotechnology. Being less
controversial than military applications of nandteclogy, such “nano-weapons” encourage
public acceptance of nanotechnology. Reminiscetit@popular image of the ‘magic bullet’,
current research projects in nanotechnology forgdielivery are pervaded by a host of
warfare metaphors such as ‘therapeutic missilegno6 bullets’, ‘nano-weapons’, ‘smart
bombs’, ‘stealth kill’', and ‘targeted strike’ witho ‘collateral damages’ (Gabizon, 2001,
Bhattacharya, 2003; Harney 2004; Patel 2007; Pezép8; Kain, 2008; Choi, 2009;
Henderson 2009; Singer 2009; Raial 2012; Rossi 2012). Such metaphors used in popular
journals and scientific publications have shapedcitnceptual structure of the research field.

To be sure, this is not specific to nanomedicinearfdfe metaphors have pervaded
medicine and healthcare for a very long time (Momgry, 1991; 1996; Annas, 1995;
Arrigo, 1999). Their use has been reinforced by‘War on Cancer’, launched by Richard
Nixon in the 1970s. Focusing on the role of metaphe nanomedicine, this paper pursues
previous reflections on the uses and abuses of swthphors (Nordmann, 2004; Nerlich,
2012). However, it goes further in claiming that thalues underlying the dominant
metaphoric framework are not sustainable enougbesign nano-artefacts operating in a
complex biological milieu.

Following a brief presentation of metaphors as epheal tools, we contextualize the use
of the missile metaphor against the backgroundhef ¢urrent pharmaceutical innovation
crisis in relation to the history of pharmaceutidattrines. Taking a closer look at the devices
that have been designed over the past decaded andent research trends in this field we
then argue that the missile or bullet metaphor idiess a simplistic view of the complex
technological systems required to achieve therapedticacy. The military metaphor may
suffice for chemists, physicists and engineers wbsign multi-functional devices operating
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in vitro, as long as they do not operate in the complexna@ssy environment of a diseased
body. But actions and reactions of biological nuli@ust be integrated into the operational
scheme of therapeutic devices. To go beyond efiftgieand achieve therapeutic efficaoy
vivo, nanodevices have to be designed not only as désgweapons but as protective shells
as well as secret agents conducting negotiatidms; biological environment should be
conceived as a dense milieu populated with muliplé heterogeneous actors rather than as
an abstract space traversed by a moving body. lzinaé argue that the use of alternative
‘oikological’ metaphors encapsulating not just digpositionsof the nano-object but also the
affordancesof the milieu may be useful to improve the teclueiqThis requires dealing with
nanoparticles as entities defined by their relaicather than as stable physical or chemical
substances thereby calling for a redefinition seagch priorities.

This claim is based on a number of research pageabng with targeted drug delivery
both in standard scientific journals and pharmacaltresearch journals. Our review of
literature has been guided and completed by otahirews and extensive discussions with
three scientists working specifically researchdffel

The Performances of Metaphors

It is less a matter of questionning the performanoé the therapeutic applications of
nanotechnology than addressihg relevance of metaphoused in the design of nanovectors.
However, it is not a mere clarification of wordssrégarding concepts, material practices and
ethical choices. Richard Rorty claims: ‘It is picts rather than propositions, metaphors rather
than statements, which determine most of our pbybial convictions’ (Rorty, 1979, p.
12) 2 Metaphors defined as acif‘understanding and experiencing one kind of thimgerms

of another’, are ordinargognitivephenomena rather than mere stylistic devices (if s
Johnson, 1980, p. 5). As the source domain shdpestdrget domain’, metaphors allow
grasping and shaping hitherto-unstructured or astheaccessible realities. Metaphors
matter. They are powerful ‘catalysts’ in the dynesnof knowledge; they provide insights and
generate new meanings and knowledge (Maassen aimgjaite 2000).

Metaphors are alswehiclesfor the transmission of meaning and values. Likeses,
they contaminate and colonise our minds regardisgell-established boundaries such as
science versus society. George Lakoff and Mark Somremphasize that war metaphors are
ubiquitous in the practices of arguing (we ‘defend™*attack’, ‘gain’ or ‘lose’, ‘demolish’).
They argue that not just our words, but @@mmonworld would be quite different had
‘dance’ been, for instance, the source domain dfapters (1980, pp. 4-5). Metaphors do
literally change the world. They belong to the meabf what John L. Austin called
‘performative utterances’ (Austin, 1962). They grerformative’ and not ‘constative’. More
than describing reality, they inform and transfatm

Scientific language is not deprived of performayiviMetaphors proliferate in the
language of science for the purpose of communigataience to lay audiences, and they also
circulate inside scientific communities. Evelyn Réaller's works outline the heuristic power
of metaphors in biology (Fox Keller, 1992; 1995;02D ‘Different metaphors of mind,
nature, and the relation between them, reflecer®gfit psychological stances of observer to
observed; these, in turn, give rise to differengrotve perspectives—to different aims,

! Interviews with Patrick Couvreur (Institut Galiemiversité Paris-Sud), Florence Gazeau (Laborataéére

et systemes complexes, Université Paris Diderot) Ania Servant (Nanomedicine Laboratory, University
College London School of Pharmacy).

% n Rorty's pragmatic philosophy, language is ‘iraasrhematic’ but it is not a representational ‘otirof
nature’: it is ‘formative’, i.e.: giving instructis to others about to give form to something, amdfprmative,
i.e.; being ‘instructive’ in that sense.
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questions, and even to different methodological explanatory preferences’ (1992, p. 30).
She insists that ‘metaphors do far more than atfaciperception of the world. They draw the
attention of researchers, guide their activitied araterial manipulations’ (2002, p. 290). In
technology, metaphors can even be turned into tpeeh analogies that make things work
and help superseding obstacles.

What is exactly the descriptive power of the therdje missile metaphor (its adequacy)
in nanomedicine? What about its prescriptive padérdoes it shape research practices in this
field? This metaphor suggests that new therapeutrs be framed along the model of
ballistics. The objective is to carry and deliviee drug onto a target in order to optimize its
‘launching window’. Precision guidance, efficieneyithout ‘collateral damages’, ... the
advantages of nanovectors are listed in terms a@intib those used to describe the
performances of missiles or drones in modern warfaemarkably, the source domain in turn
makes an extensive use of medical analogies suttuagcal strikes’, a metaphor used in
warfare strategy and communication during the Faglf War. No matter whether you want
to heal people or kill them, no matter whether yaction is good or bad, the ultimate values
are control and precision.

The magic bullet in the context of crisis of pharmaeutical innovation

The hype surrounding nanotechnology and the cldhas it brings about a revolution in
medicine and pharmacy are based on the awarends® difnitations of current trends in
pharmaceutical research. The frantic quest for rthiacle molecule that would cure all
cancers following Richard Nixon’s launch of the ‘Y Cancer’ in 1971 ended in failure. It
is now widely accepted that the ‘blockbuster modeinhadequate. Cost soars and the rise of
generic drugs are putting an increasing pressut@gpharmas as their amount of R&D time
and expenditures rise while the output of new thewsic molecules decreases (DiMasal,
2003; Munos, 2009; Swinney and Anthony, 2011). Mpryducts that are tested in clinical
trials fail despite tremendous time investments —teup5 years —and resource spendings. So
hard is the ‘Valley of Death’ for candidate molezsibefore reaching the market that selective
reporting of trials is a temptation for pharmaceaiticompanies (De Angelist al, 2004;
Goldacre, 2012).

In the face of this crisis, genomics, genetic eegrmg, nanotechnology and synthetic
biology are expected to reinvigorate a decayingn®ss model (Crawford, 2004; Paatl al
2010). Both personalized medicine and targeted deligery attract big investments from the
private and the public sectors concerned with tistagnability of the public health system
(Downing 2009). They search for more ‘rational’ §bed on molecular features) and more
‘reasonable’ (more profit and increased efficacywys of designing pharmaceutical products
through more individualized administration of druyghile in personalized medicine better
administration means betterescription® in drug targeting it translates as bettieivery,
Personalized medicine and target drug delivery seen as complementary rather than
competing strategies (Jain, 2005; Morris, 201BY. adjusting prescription and delivery to

% Because all individuals are not responding toséme drug, personalized medicine is looking foremwlar

signhatures—so called ‘biomarkers’—that would allawdirect different categories of patients to madapted
therapies, possibly on the basis of early diagnésesecular biomarkers are anything that can bealetl and
used for measuring the probability of incidenca afisease, its progress, or its treatment’s eff@sA or RNA

single nucleotide polymorphism, protein, complexuadteins, or changes in protein expression).

* Personalized medicine seeks to specify therapynbgns ofprofiling and stratification It sets up distinct
categories of patients with regard to their proliigbdf better responding to this or that therapytbe basis of
tests determining the presence of a biomarkes b iform categories of patients fitting with pnéstons and
conversely to adjust prescriptions to categoriepaifents. Targeted drug delivery, by contrastitstiom a
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individual profiles, well-established medicines mag/ used to better effect (Chess, 1998). It
is a key argument for stimulating public adhesicgcduse it seems to overcome the
disadvantages and defects of conventional thermgeuBoth sectors have raised intense
mobilization over the past decade as a resultrefrarkable convergence of interests between
patients, science, politics and business. Pati@misphysicians want to avoid the damages
caused by conventional chemotherapy and radiotiierapthe treatment of cancers.
Pharmaceutical companies want to avoid the risiegearch costs for new therapeutic
molecules, and public health services want to atleédtremendous financial loss due to the
inefficacy of a large proportion of medical preptions. Although big pharmaceutical
companies are still hesitant to invest in thisdfielthey see targeted drug delivery as an
opportunity to renew their patent portfolfo©n the business side, drug targeting is expected
to cover 75% of the nanomedicine market (Wageteal, 2006). Therefore hundreds of
research laboratories across the globe are cwrénithging together the resources from
nanotechnology, advanced polymer and lipid chemigthysics and molecular biology in
order to find new ways of vectorizing drugs. Sushthe pressure for introducing this new
technigue in cancer therapeutics that hundredamdidate products are now in clinical trials.
It is reported that 27 candidate products haveadirdoeen approved by the US Food & Drug
Administration in 2012 (Observatory NANO, 2012).rGeted drug delivery has become a
target in itself justifying a warlike mobilizatiorreinforced by a rhetorical arsenal of
‘therapeutic missile’, ‘smart bombs’, and the likas the military metaphors inspire a
convergence of efforts on a common target desigradthe enemy, they are self-vindicating.
In using them, nanotechnologists, physicians, atepts struggling against cancer may feel
that they participate in a general mobilisationdarintrinsically good cause (Nerlich, 2012).

The magic bullet and the two cultures of pharmacolgy

The climate of crisis in pharmaceutical innovatimay have intensified the use of warfare
metaphors but the metaphors have been aromnthe twentieth century. Their success
testifies to the triumph of the chemical approachmedicine, initiated by Paracelsus in the
sixteenth century against the older Galenic traditi Paracelsus grounded his therapeutic
approach on a theory of secrete correspondencsgngpathies between each of the seven
metals known in his time and the specific partsh# human body (Debus 1991; Debus
1993). He assumed that disease was caused by axXfi@mign agents acting as poisons on a
specific area of the body. Diseases were viewddcadized physical things that the physician
sought to eradicate from the body with the helpanfappropriate chemical substance. By
contrast, the Galenic tradition emphasized the oblduids and viewed disease as the result
of disturbance in the balance of fluids due to xaress of one of the four basic humours. The

given molecule and a given target (organ, tissak, arganelle or molecular receptor) and seeksbst fitting
nanoscale formulation to carry the molecule toténget.

® Currently, the innovation landscape of nanovez#iion is mostly populated with small start-updisgltheir
patents to big pharmaceutical companies. (Obsemw&ANO 2010). They rely on venture capitals andibass
angels to bear the costs of preclinical developpmoating-up studies, upgrading to legal standadd,phase-|
to mid-phase-Il trials. Big pharmas cover only grigkse-1l and phase Ill. They adopt a ‘wait-and-séeitegy
(te Kulve & Rip 2013: 4) and refuse to rush headvelaowards a disruptive technology unless it has
pugnaciously proven its safety and efficiency (Geuv 2010b).

® It is expected that targeted drug delivery wilbyide pharmaceutical industry with new patents kisaio the
nanoformulation of established molecules beforeeti@ period of their IP rights. It also allows pdieg older
medicines that so far could not enter the markatv@ 2008; te Kulve & Rip 2013: 3).

" Here we take the two rival founding fathers as nogthfigures. It matters little to us whether Galend
Paracelsus were really what their heirs have madeem. The master narrative built on the two heraee still
framing pharmacological culture.
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role of the physician was to restore what we aalby the body’s homeostasis by prescribing
the opposite humour. While Galenic medicine deétth the organism as a whole and a nexus
of relations, Paracelsian therapeutics rests oratiaty of chemicals with specific tissues.
The holistic concept of disease characteristihefGalenic tradition has been overthrown by
an ontological concept of disease a®as morbja material and localized entity.

The idea of eradicating disease with an appropnatéecule came out of advances in
synthetic chemistry and stereochemistry at the tafrthe twentieth century (Pillaet al.,
2008). Paul Ehrlich, in particular, paved the waydrgeted medicine. As a ‘microbe hunter’,
he was one of the first scientists to use staitgoipniques to detect particular cells. While
studying the selective action of aniline dyes owoldgical tissues, he hypothesized that cells
have specific receptors enabling them to take @giip molecules. Just as Emil Fischer had
ventured the analogy between lock and key to emphlaiw enzymes bind with specific
substrates, Ehrlich used the hypothesis of chenaifalities—called today ‘mechanisms of
molecular recognition’—to identify toxins with alsetive therapeutic action on specific cells.
He thus tested hundreds of dyes on mice in searcthé unique dye that could target the
large trypanosome responsible for sleeping sicknes$910, he obtained an effective drug
against syphilisSalvarsan. Based on the molecular recognition ketvtexin and tissue, his
strategy inspired the image of ‘magic bullet’, chiosas the title for a 1940 biographical
movie, Dr Ehrlich’s Magic Bullet(Fig.1)®

,a, - lo?i'i'i?ou
D EHRLICH 'S MAGIL BULLET

.. RUTH GORDON-0TTO KRUGER-DONALD CRISP Prassitad by
Dircted by WILLIAM DIETERLE - A WARNER BROS. First Nationa Pictre w A R " E n B n o s .

Fig. 1.Dr Ehrlich’s Magic Bullef 1940, original motion picture poster, © 1940 WarBros.

8 Ehrlich wrote that “If we picture an organism agected by a certain species of bacterium, it elilViously be
easy to effect a cure if substances have beenwtisat which have an exclusive affinity for thesetbda and
act deleteriously or lethally on these alone, whitethe same time they possess no affinity for rtbemal
constituents of the body and can therefore havdetit harmful, or other effect on that body. Saohstances
would then be able to exert their full action estlely on the parasite harboured within the orgarésd would
represent, so to speak, magic bullets, which dwesk target of their own accord” (Ehrlich [1906]63 p. viii).
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So appealing was this popular image that it has haken up by drug designers and
gradually became a kind of ideal-type driving reskafforts (Strebhardt and Ullrich, 2008).
The ‘magic bullet’ model underlies many researchtsgies that came to prevail in twentieth-
century pharmaceutical industry. New techniqueseimted in the 1960s reinforced the
Paracelsian concept of disease as a local targgtdot. When systems of controlled drug-
delivery came into use for a number of diseasesfifirim, 2008), the ‘magic bullet’ became a
fashionable motto. The metaphor almost turned iatoreal thing in the 1970s as
pharmaceutical companies began producing monoclanabodies by cloning a unique
parent cell having some specific action on tumolireecame even more prevalent with the
proofs of concept of ‘microspheres’ (Kramer, 1972Nanokapsul’ (Kopf, 1975), and
‘Nanopartikel’ (Kopf et al., 1976) that penetrateoi specific cells for drug, gene or protein
delivery, due to Peter Speiser and his team at Elitith (Couvreuset al, 1977; Kopfet al,
1977; Marty, 1977; Martet al, 1978). The ‘magic bullet’ is now integrated imm complex
systems aimed at materializing the ideal-type afdted therapeutics. The expectation is to
shift from the painstaking drug screening—testioig lof molecules on all possible targets—
to the direct design of the unique weapon adjustets target.

The pharmaceutical arsenal enriched with such maglets is clearly an outcome of the
Paracelsian tradition. To what extent does it mitwk death of the Galenic approach to
diseases? Could targeted drug delivery be altewigtviewed as a revenge of Galenics, as it
has been suggested by Patrick Couvreur, a Belgi@ntst who pioneered the field of
targeted drug delivery? (Couvreur, 2009) Surelygddelivery just like today’s Galenic
pharmacology is concerned with the formulation adchinistration of drugs.The delivered
substance matters less than the mode of delivdheffarts are thus aimed at designing new
medicinal forms (Galenic forms) rather than newgdruThe goal is less to increase the
efficiency of the therapeutic agent than to enhatiee therapeutic index (the toxic vs.
therapeutic dose ratio) by increasing the efficafcgelivery.

Are we to assume that targeted drug delivery magdss as a reconciliation of the two
alternative conceptions of disease and therapé&uiiosaddress this question, it is necessary to
characterize the material practices of design.

Engineering therapeutic devices

Current research on targeted drug delivery diffiersubstantial ways from both traditions in
that it turns therapeutics into engineering. Inddi&é all therapeutic traditions, targeted drug
delivery is mainly concerned with maximizing thdiedcy of treatment and reducing harm.
As such, however, therapeutics is conceptualizedragngineering problem that can be
anatomized in unit operations.

The technique is divided up in three basic unitrapens: loading, addressing, and
releasing the active therapeutic molecule, eachatipa having specific design requirements.
This sequence of operations could apply to the gregfwn of a missile, and the therapeutic
action is conceived in terms similar to any battigroblem.

The first operationHeading (Fig. 2)—requires the design afvehicle (capsule, sphere,
micelle, dendrite, shell...) ‘to carry the drug incantrolled manner from the site of

° Significantly, twentieth century Galenics refevghe ‘formulation’ of drugs, i.e.: making tablessippositories,
creams or syrups, according to a specific procediaéed a ‘formula’ (a medicinal form suitable for
administration). Galenics is often despised by mogdarmacology as being concerned with externah for
packaging instead of active principles, as beicgré&ue or even marketing, not science—a rathesiumfew,
since it is Galenics that allows the transformatda mere ‘drug’ into a proper ‘medicine’. Galepicarmacy is
indeed indispensable for the standardisation ofeslosnd posology as well as for the stabilisatiod an
conservation of active substances (Rasmussen, .28@fnics is the art of taming substances.
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administration to its therapeutic target’ (CouvreVWauthier, 2006: 1417). Since the first
capsules synthesized in the 1970s with polyacrylampolyalkylcyanoacrylate, albumin, or
micelles, numerous candidate materials—polymengosbmes, cyclodextrins and other
nanoparticles—have been tested as drug vehicles.

double layer

e

"‘i phospholipid molecule
i - { 2 hydrophilic head

—— hydrophobic fatty acid tail

Ly

active principle

ik

aqueous phase

Fig. 2. Encapsulation of a drug in a liposome (S. Loevigimal picture).

There are some specific requirements for the designnanocarrier: size (it must not be
too big, not too small in order to selectively admrriers); encapsulation rate (it must take up
a reasonable amount of therapeutic molecules vgailgmerizind®); stability (it must resist
bio-erosion); biocompatibility (solubility and aw@nce of unwanted accumulation) and
biodegradability once the capsule’s mission is deteg.

Addressinghe drug by controlling the movements of the earalong its trajectory is the
core of the targeting strategy. Ballistic metaphdimurish to describe the battery of
techniques that have been developed. Although ovizettion’ does not explicitly convey a
military image, it connotes the trajectory of a nt@lihrough a geometrical space, which is
the key concept of ballistics. The frequent useahefarrow symbol in the iconography of
nanovectors reminiscent of the Euclidian vectorsdus classical physics reinforces the
ballistic connotation. In addition, fighter airctafare often referred to as ‘vectors’ in the
control rooms of military operations. In the casdéumctionalized nanocarriers with receptor-
specific ligands, the ballistic metaphor of thessiie’ or ‘vector’ is often supplemented with
the cybernetic metaphor of the ‘homing device’ thereby converting the old ballistic
metaphors into modern (informational) warfare asrdart’ weapons. To cap it all, theranostic
nanoplatforms guided by ultrasounds or magnetidgiare designed as kinds of drones: their
destructive payload can be remotely triggered wtfikr localization can be tracked on a
screen. Nanovectors rhyme with Terminators (i.@ot® programmed to kill and to never
miss their target). The so-called ‘third-generati@movectors’ (Couvreur and Vauthier 2006)

1 The encapsulation rate is one of the major battlks for the technique. Currently, most systemsndp
exceed a rate of 10% of active principles encapsdilan the total amount of nanoparticles synthdsingdnich
limits both their cost-efficiency and therapeutideéx.

1 Actually, Norbert Wiener's conceptualization oeéback or retroaction originated in his warfaresagsh on
self-guided devices during World War 1l (Galisor9a9.
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are designed for ‘active targeting’ thanks to theeiecoration’ with ‘molecular probes’
(antibodies or ligands) devised to recognise thigets specific receptors (Fig.3). These
specific ligands grafted on the carrier’'s coating aften dubbed ‘homing devices’. They can
also feature cell-penetrating peptides or intradail adhesion molecules to facilitate the
intracellular penetration of the vector (Hillaireand Couvreur, 2009).

1st generation

lipososomal
capsule

Structure

Indirect targing

The capsule is
phagocytosed by Kupffer
cells & carried to the liver

Addressing
mode

Target Liver

2nd generation

PEGylated lipososomal capsule

[PolyEthylene Glycol]

Passive targeting
PEG coating > invisibility to Kupffer cells

Enhanced Permeability and
Retention effect (EPR)

Non specific cancer cells

3rd generation

PEGylated lipososome
decorated with specific
ligands

Active targeting
invisibility to Kupffer cells

+ Molecular recognition

Specific cancer cells

(hepatic tropism)

Fig. 3. Three generations of nanovectors according to Gaunand Vauthier (2006). (S. Loeve, original
picture).

In addition to chemical means of targeting, actargeting can also be obtained by using
physical stimuli such as X-rays, infrared, ultrasds, or magnetic field providing guidance
(with magnetite embedded in the carrier). Embeddetjnetite adds another interesting
function to the drug-loaded carrier because it bandetected by Magnetic Resonance
Imaging. In this case, the same nanodevice aclsdsoa therapeutic tool and an instrument of
in vivo detection and imaging—thus combining therapeuitd diagnostics into one single
operation, dubbed ‘theranosti¢d’.The device is somewhat similar to a drone: teimotely
guided while its position is followed on a scre@ther detection and imaging compounds
include contrast agents, antibodies emitting flaoeat light when binding with their target
receptor, or DNA probes activating a fluorophoreswliybridizing with their complementary
strand (Tiwari et al. 2011). Nanoparticles with emtbed iron oxide lining up in a chain and
changing direction under the influence of a magmwetide the most suggestive image of a
nanorobot. Florence Gazeau, from Université Parieidt, explains: ‘The remote control by
the application of forces works like a robot: Itihe mechanical manipulation of a biological

12 Originally coined to refer to a treatment platfoommbining a diagnostic test setup with a theraased on
the evolution of the test results (Warner, 200hgranostic nanomedicine is now defined as ‘an mteg
nanotherapeutic system which can diagnose, detasrgyeted therapy and monitor the response to thierap
(Sumer and Gao, 2008, p. 137).
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object’ (Gazeau, 2011,

The third operation—theeleaseof the drug on the targeted site—can be triggertuer
from inside by controlling the stability and degatidn time-lapse of the capsule, or from
outside by various stimuli-response devices. Adl timique properties of the nanoscale can be
exploited. For instance, pH-sensitive liposomes aadoparticules such as chitosan will
disassemble before a tumour in an acidic envirotnoera carrier made of a thermo-sensitive
polymer will become porous by application of hyperimia on the target and will then
release its load; a polymer-coated gold nanopartiéll do the same when irradiated under
near-infrared pulsed light, which penetrates deéfitythe tissue and causes gold liquefaction
(Shakeri-Zadehl et al. 2010, Choi et al. 2011)jran nanoparticle will overheat and cause
cancer cell's necrosis when subjected to a magfietd:. In the latter case the nanoparticle
becomes the drug: Drug and device méfge.

Each unit operation—Iloading, addressing, releasimgelved in targeted drug delivery is
assigned to a specific devicéhe combination of these devices in a nanoparigleften
called a nanomedicine ‘platform’ because of thei@®s multi-tasking performance: imaging
(optical, ultrasound or magnetic resonance detextiotargeting agents (peptides,
antibodies...), therapeutic tools (chemotherapy, Hipeemia...), and stimuli-responsive
agents that activate those functions (Fig. 4).

\ / paramagnet
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Fig. 4. A nanomedicine platform: an assembly of specifiections (S. Loeve, original picture).

13 Here, ‘robot’ clearly means an enslaved machim-toot an independent automaton. This is not ssing,
since, as Nerlich argues (2005; 2008), the imadewmonobots cleaning fats in blood vessels are tegythe
older visual archetypes of shrunk humans traveltmgugh the body, as shown in the moViee Fantastic
Voyage Nanomedicine’s imaginary has replaced shrunkeaang and their tools with miniaturized robots. In
turn, the focus has shifted ‘from the “extraordyigvoyages) to the “ordinary” (medicine), theretgntributing

to the normalisation of nanomedicine and its iraéign into normal biomilitaristic medical discourg¢Berlich,
2012). The metaphor of the nanorobot has had tmlitarized’ to move from pure science fiction $omething
real, serious, and valued by our society.

14 A striking example of fusion between drug and devic the NanoXray™ developed by the French start-up
Nanobiotix (http://www.youtube.com/watch?v=kxSX6Y3I), in which the nanoparticles amplify the physical
mode of action of radiotherapy. NanoXray™ is likaamoscale extension of the radiotherapy setupnatieed

in the patient’s body to relay and locally amplifg effect. This conflation is also visible in tm®rmative
framework of regulation under which the developmehiNanoXray™ is placed: under the category ‘drog’
the US FDA and under the category ‘medical devibgsthe French AFSSAPS. This later regime of retipda
would, if not accelerate, at least facilitate Nanay™’s entrance in the market by bypassing the-expanding
‘valley of death’ of pharmaceutical development.aigenture capitalist investing in the start-up ipoih one of
the Nanobiotix’s site podcasts, ‘I believe we aettigg a biotech care company potential with a meddilevice
time-to-market’ (http://www.nanobiotix.com/aboutfus
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The resulting system is like a ‘mille-feuilles’ dfsciplines comprising of various layers:
synthetic chemistry, physics, biochemistry or molac biology (figure 5). Like most nano-
engineering projects the design of nanocapsulesiire=y the convergence of various
disciplines at the nanoscale. To a certain extemntnocarriers are crafted like ‘materials by
design’, they are then functionalized for perforghgépecific tasks.

Receptor  Ligand Cytotoxic drug
‘ Immunolo
9 @ loch em%y
"R Spacer A Spacer B

Targeting
= ey
E;t;mah,‘ physics & chemistry
iy B = Electrochemistry
layer 2
Internal A — & 1 Nd%? ?Sescgf?a ter
layer1 - |° "33. ) -

- = Mo Iecular biology
Core/shell Nanoparticle template rg"ﬁg{:g% rgfg:"g
interface option to dissolve i

- Drug/catalyst &Radionuclide
- Proteins/DNA Q Contrast agent

Fig. 5. Layered structure of a multifunctional nanopaeiclA ‘mille-feuilles’ of disciplines. (S. Loeveriginal
picture).

It should be clear by now that the resulting appho@ therapeutics belongs neither to the
Galenic culture of pharmacology nor to its Paraaalsival. In opposition to the Paracelsian
approach, the chemical agent is by no means tlgpiaractive principle of the medicine. It is
part of a larger technological system combiningowgs functions that all cooperate to the
therapeutic action. Conversely, the Galenic forotabecomes so functionalized at the
nanoscale that it is no longer possible to drakeardoundary between the excipients and the
active principle (Loeve and Normand, 2011). Themfolation is an integral part of the
therapeutic systert. Targeted drug delivery systems do not fit in ttaglitional categories of
pharmacological culture and knowledge. They ingiéamt a technoscientific approach
dominated by an abstract engineer's VitvEven the performances that are expected from
them are formulated in the language of technol@pessment (cost/benefit analysis). Each of
the functions added to the nanoplatform shouldeiase the ratio of benefits versus costs and
be assessed under this model (Cheng et al. 2012).

5 The nanocarriers obtained by ‘squalenization’ yu@eur and his team instantiates the identificatié the
drug with its Galenic formulation. Squalene, a bgital organic compound, can chemically bind wite t
anticancer drug gemcitabin, thus forming a new owdhr entity, gemcitabine-squalene, which in tuetf-s
assembles into nanoparticles in water (Phili e2@1.0).

8 On the difference between abstract and concrejmeering views in nanotechnology see Bensaude&vinc
and Guchet (2007, pp. 79-82).
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From a model of efficiency to therapeutic efficacy

The missile metaphor is attractive because of tdwestation of a therapeutic project into an
engineering problem with clear end (cure canced) means (nanocarriers for the transport
and stimuli for the release of the medicine). Hogreis the ballistic metaphor sufficient, is it
even necessary? What kind of model is requiredotohbine technological efficiency with
therapeutic efficacy?

First of all, if the warfare metaphor is to be mained, it requires at least more than
performing the sequence of unit operations: loadadgressing, releasing. To successfully
deliver the right dose in the right place at thghtitime in the complex environment of a
living organism requires at least ‘smart weaponghwmultifunctional parts. Consider the
first unit, the capsule. It has to be designed bashavehicle and as a containgor
transporting the active principle. While the naimesfacilitates the circulation through the
blood vessels and allows intravenous injectionsudlig the most dangerous drug
administration route for the risk of embolism), foontaining the optimal dose of active
principle, the nanocapsule presents the inconveai@i a low volume for drug loading.
Designing the capsule implies a trade-off betwee® @nd dosing. For a successful
therapeutics, the designer has to find out thenggitirade-offs afforded by the nanoscale,
with regard to the kind of effect s/lhe choosesriorjtize.

In addition, the capsule does not only carry a Ipay’, it alsoprotectsthe biological
milieus from the virulence of the active principlargeted drug delivery really took off when
doxorubicin has been encapsulated in biodegradablgalkylcyanoacrylate nanoparticles
(Couvreur et al., 1982), lessening the drug’s nots and often prohibitive cardiac toxicity.
The container secures the containment of a dangeraterial. Its protection is also crucial
for expanding the spectrum of potential drugs toldgical substances. So far peptides,
proteins, nucleic acids have been considered aslivathble because they are rapidly cleared
and degraded in the biological milieu. The stilicartain future of gene therapy will thus
depend on the ability to protect the fragile draogptigh its journey. Whether the therapeutic
principle is a highly toxic substance that needbdasolated from the vulnerable milieu or a
fragile degradable biological material that needgr@tective container, in both cases, the
carrier affordcare

Second, achieving a successful therapy is not gimpmatter of guiding a projectile
toward a target with the highest precision androglitrajectory. The designer of the ‘smart
bomb’ has to ensure tretability of the vehicle in the messy biological milieu focreasing
its residence time in blood vessels. This challaegeires astute tricks to deal with obstacles
occurring at each step. The first obstacle is th®onisation of the carrier (the marking of a
foreign body alerting the defences of the host iisya that this exogenous element has to be
cleared out from the blood vessels). How to netgmtiaith this self-defence of the host
organism? To face this obstacle the ‘magic bultetd to be disguised or coated. The so-
called ‘second-generation nanovectors’ (Couvreur \dauthier 2006) are grafted with a sort
of hair on the surface of their capsule to makentihavisible to the macrophages along their
trajectory. Made of a polymer—most often polyetimgeglycol (PEG), because it is FDA
approved, cheap and biodegradable—the coatingesr@atloud of hydrophilic chains, which
repels for a time the plasma proteins that marknive-self. This process named pegylation
protectsthe carrier from disintegration by the immune egstthus enabling its circulation in

7 Efficacy is generally defined as the ability tdrigr about a desired effect, whereas efficiency messthe
ratio of beneficial output (e.g.: useful fork, eocomic profit) versus (the amount of means/resouraes)lved
(time, energy, effort, costs...). Therapeutic efficag the main concern in the development proceselavit
becomes the most important criterion).
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the blood for a much longer period of time. Theypagd particles have a circulating half-life
of 45 hours versus a few hours for conventionaldgmes.

It is thus clear that the missile metaphor is asierplistic and not sufficient to achieve
therapeutic efficacy. More importantly, this metaphonveys the misleading image of a kind
of navigation system. Unlike a homing missile, tf@ovector is not heading straight from
the injection site to the targ¥tit has a random and hazardous journey througtbkbed
vessels until it meets its target and binds 8 it.

Finally, the image of a weapon hitting a targen@ even appropriate to describe the
release of the drug. One major challenge is tluatgpits journey through the blood vessel, the
decorated carrier is modified by the milieu and revedecorated by it, for instance by
dragging a variety of proteins forming what toxmgists name the ‘protein corona’. The
proteins in the serum form a protective shield,cihalters the targeting capabilities of the
device (Gaspar, 2013). What the tumour cells ‘seerbt the expected keys that fit in their
locks. They ‘see’ a different and unreadable mess@é@azeau, 2011). Whereas an
unambiguous lock-and-key response is expected fhemarget, the target actually affords a
unique viewpoint on the nanoparticles, opening peeted perspectives over unforeseen
interactions.

Thus the target is by no means a passive site phdm Rather it is a new milieu
reconfiguring the particle’s identity. One majoraflenge for the success of drug delivery
devices is therefore to continuously pay attentmthe interactions between the technological
device and the milieu.

The description of the nanoplatform as an asserabdfgndependent functionalities that
can be activated by internal or external stimukasnewhat misleading. It does not take into
account the synergistic or antagonistic effectsvben the artifact and the milieu, which may
alter the devices’ functions and effects. The imaige carrier moving straight to hit a specific
target is only an abstract model that may be apmi@pto conduct laboratory experiments.
While in vitro tests are indispensable for obvious epistemiceadhidal reasons, they tend to
generate illusions of control and efficiency. Thagay become counter-productive if they
conceal the problems posed by the complex and astichbehaviour of the biological milieu.
It is thus clear that a strict Paracelsian chemapgairoach to drug delivery is doomed to fail in
nanomedicine.

To improve the current strategies of drug delivetith nanocapsules, is it possible to
bridge the gap between vitro andin vivo performances by integrating the milieu as a third
player in the game? While the problem is generfiiyned in terms of targeting the drug-
loaded nanovehicle with increased control precisioare efficient and more robust devices
relying on the actions and reactions of the caksdesigned. Similar to those were the so-
called ‘first-generation’ and ‘second-generatiordnovectors. For instance, the ‘second-
generation’ nanovectors capitalize on a stratageweldped by the tumour to capture a part
of the blood flow. Whereas in healthy blood vesszidothelial cells are bound together by
tight junctions, preventing any large particle ire tblood from leaking out, in tumours or
inflamed tissues, blood vessels do not have theessamaling ability and are consequently
more permeable. This increased permeability knosvERrshanced Permeability and Retention

1816 be sure, military missiles sometimes releaseitioms without homing devices, at random, in the@éo
that enemy targets will be affected by statistitist they don’t have the glamour of surgical strikes

9 Even when the drug carrier is equipped with sjpeeintibodies, peptides or ligands, these so-calieching
devices’ do not point only to a target receptot, &so sometimes to a relay receptor enabling #mowector to
cross a biological barrier. For instance, when dmsteal with the specific antibody of the transfeméceptor,
chitosan nanospheres can cross the blood-brairebé&r delivering biologically peptides to the brdKaratas
et al., 2009). In this case, a temporary alliarsceantracted with a smuggler afforded by a paicbiological
milieu.
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effect (EPRY® of the tumour capillaries allows liposomes or nzaticles to slowly permeate
the tumour sites (Fig. 6). This ‘non-specific tamg (Fig.3) enables pegylated liposomes to
reach tumours sites to deliver drugs while makihgneotherapeutic drugs less toxic for
healthy tissues. The doxorubicin-loaded liposomesil® with their size of about 100nm
allow administrating a higher dose of doxorubicihile providing the patients with a better
quality of life (ho more nausea, vomiting or haoss), although new side effects are also
experiencetf. Doxil® totals almost $600 million in annual sale®und the world and will
soon lose its patent protection.

healthy
tissue

epithelial cells

® @® ® @ncnopcr'ﬁ‘icles
(&3

[y <«< blood stream

L] L]
small molecules

Fig. 6. Addressing tumour tissue through Enhanced Pertityabnd Retention effect. (S. Loeve, original
picture).

New strategies for drug delivery are being envistbthat take into account the complex
and dynamic nature of the biological milieu. Intpardar the modifications induced by the
pathology and the treatment in the target at differspace and time scales have to be
systematically investigated. The tumor microenuinamt is characterized by a high structural
heterogeneity, multicellular composition, denseraodllular matrix, non-uniform leaky
vasculature, continuously evolving interstitial $gare and solid stress, hypoxia and
involvement of immune cells (Jain and Stylianopsu@®10; Perrault et al., 2009). Multistep
strategies are being envisioned including a fitsp 40 prepare the milieu (normalization of
tumor vasculature or of the tumor matrix) and aogecstep to facilitate drug delivery to the
cellular or intracellular target (Wong et al., 20Tdhauhan et al., 2012; Sano et al., 2013).
Designing nanoparticles that respond to propertiegshe tumor microenvironment (for

2 Enhanced Permeability and Retention is the efféatflammation, which induces the arrival of maghages
and the release of cytokines increasing the peritityadf vessels.

%1 This is the case of the palmar-plantar erythrodyes$a or ‘hand-foot syndrome’. Hands and feetustgally
subjected to mechanical pressure and friction, wkauses instantaneous dilatation of the endottisgue of
blood vessels which, similarly to the EPR effeatt Yhis allows the nanocarriers to locally crosseéndothelial
wall of healthy tissues. The areas affected becadedry, peel, numb or painful, with possible msis. This
unwanted leakage of the nanocarrier can be attedimt modifying some everyday activities (avoidimgaring
tight clothes, using tools, jogging, taking hot sleos or being exposed to strong sunlight). Butviny sensitive
patients such an adverse effect unfortunately dirthie maximal safe Doxil® dose that can be admatist as
compared with doxorubicin in the same treatmenitmeg
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example low pH and partial oxygen pressure) is ponteend in the field of cardiovascular
diseases. Targeted drug delivery could also béngbadjy-inspired’, that is, achieved through
endogenous disease-specific mechanical stifhtdere again the interactions of nanocarriers
with the milieu, and more specifically with the elised area, triggers opportunities of
therapeutic activation. Such stratagems engagiiig thhe milieu as a partner promise to be
more robust and widely applicable than the simptdegular recognition initiated with the
model of magic bullet. ‘Intelligent design’ (Couureand Vauthier, 2006) of drug delivery
could be based on a better understanding of intteramechanisms between the biological
milieu and foreign bodies so as to benefit fronmhe

The efficiency and efficacy of the military strayegf targeting and shooting are thus
questionable. Even when it is extended beyondahkr of ballistics to encompass smart and
fine-tuned devices performing various function® thissile metaphor is not fully adequate.
Twelve years of intensive research did not bringuatihe promised results. The expected
economic benefits are so disappointing that sonpenrtx recommend reconsidering the entire
technology in close interactions with users andiiegry agencies (Te Kulve and Rip, 2012).

It is now clear that the exclusive focus on theapeamticle (the vehicle) conceals many
complex phenomena associated with transport threutiving body (Kwon et al., 2012). It
reduces the spectrum of possibilities by excludntiger potential perspectives. While the
image of a missile provides insights, it also gates new forms of ignorance precisely
becausef its evident simplicity. In particular the offeie rhetoric undermines a subtle fine-
tuning between a variety of mechanismspadtectionor even of care. First, the biological
tissues are protected from the drug’'s toxicity ®samo the container, which is in turn
protected from the body’s defences by the coatisga matter of care, targeted drug delivery
requires a sense of tact and diplomacy. The sedéalhissile’ has to be also a ‘secret agent’
in order to infiltrate into a series of biologicallieus and manipulate the interactions between
various protagonists. Like the Trojan horse, theocapsules conceal their operation by
adopting the codes of the infiltrated milieu. Theecalled ‘missile’ has to negotiate access
like a good diplomat. Instead of subjecting all tabkes along its path, it has to establish
temporary alliances with various smugglers. Nantarscrequire the tricks of a wizard and
the special talent dfairos Thispersonaof Ancient Greek mythology, the son of Athena and
grand-son of Zeus and Metis, is good at seizingodppities. He epitomizes the art of
making decision in the right place and at the rigl®ment. This art consists in seizing what
the situation affords for performing the next sitepn action.

Towards an oikological approach

Since the missile metaphor is neither sufficient mecessary to account for all the spectrum
of astute stratagems required to secure therapefitaacy, it seems relevant to open the
register of linguistic practices to alternative aptors. It is especially important because, as
Bjorn Hofmann convincingly argued (2001), techngiggays a leading role in framing
medical knowledge. It contributes to shape our eph®f disease, our vision of medical
intervention on the human body and, last but nastleour vision of the body. The ballistic
metaphors rely on an abstract view of the body llsiak geometrical space through which a
vector is moving towards a target. By contrast, énephasis on the interaction with the
biological milieu conveys the view of the body asoaplex and heterogeneous environment.
It consequently brings to mind a quite differentapdoric framework.

We suggest that drug delivery research could bergdgeously framed in terms of
domestic economy opikology’ (from oikos ‘*house’, the common root for both ecology and

22 For this purpose, lentil-shaped liposomes werégdes to release their content only under the fsbgar
stress found in constricted blood vessels (Korial 2012 Holme et al., 2012).
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economy). The concern with the management of dasdgransportation, which prevails in
the still fashionable military metaphors, would $igpplemented by aart du ménagement
(care). From this perspective, the designer woalcho take care of the interactions between
technological devices and the milieu where theyatge In the oikological model, the human
body is conceived as amikos populated with a variety of habitants. It is awded and
uneven terrain, a landscape of ecological nichrethd military framework, drug delivery is a
strategic game opposing two players—the drug aaddhget—, whereas in the oikological
framework the game involves a variety of playensatde of assuming various roles. Each of
them requires care, protection and tact for thegss to work. Their local interactions have to
be orchestrated from place to place as the drugupsrits journey inside the body. In the
ballistic vision, the therapeutic devices are poséd against the barriers that stand between
the healthy organism and the pathogen target.dmikological vision, recovering health is to
inhabit and tame the sick body, which is actuallglausible view of cancer (Merlet al,
2006; Boenink, 2009; Gatemby, 2009; Gaterabgl, 2009a; 2009b; Caroll, 2011).

To develop an alternative oikological metaphorafework we have to clarify the mode
of existence of nanomedical devices for targetestaghy. For this purpose, the conceptual
distinction betweerdispositionsand affordancesmay be helpful. It is often claimed that
nanotechnology enables to control and monitor thlevery process (Park, 2007, Gabizon,
2001). The objects designed for drug targetinguatally named ‘nano-devices'—a very well
chosen term, because ‘devices’ (in FrerdiBgositifs) precisely can activate dispositions. To
put it in more philosophical terms, nanoplatforrey/ron dispositional properties when they
are designed as missil&Sin the case of nanoplatforms, the dispositions tAee unique
physicochemical properties of the nano-scale thathe actualized in a specific ‘dispositif’.
Targeted drug delivery systems are ‘devices’ pedgibecause they activate dispositions. By
contrast the term ‘affordance’ refers to the irgiincapability of an object as well as to the
gift or the service that the said object is abled&hiver to its user (for instance thick ice
affords skating}* Affordances combine generic material dispositiand specific intentions
and purposes. Whereas a disposition is a lateqepoinherent to a substance or based on
the laws of nature, affordance is relational anfindely not substantial. Unlike dispositions,
affordances are not latent potentials waiting femf activated; they do not pre-exist their
actualization. Affordances are createidhin andby the coupling of an agent and a material
system; they arerendered possibleby this encounter. Affordances thus blur the
potential/actual dichotomy, as well as the subpgéct divide. Affordances are objective
instances because they are offered by the envinoharal subjective because the offer is
generated with regard to a perceptive agent. Affocés are hybrid entities—part constructs,
part nature—whose causal powers cannot be disdathng

For instance, in today research programs on driigedy, the process of opsonisation of
the carrier is treated as an obstacle to be ovezcarhereas in arofkologic framework, it
would be treated as an affordance of the milielitl#d responses of the biological milieu to
the introduction of a nanocapsule could serve adetscof design. As pointed out by Richard
Jones, nanotechnology could learn a lot from nahyeinvestigatingin vivo molecular

% To attribute a dispositional property to a thingaants to saying that if certain conditions areaot®d, then
that thing will behave in a specific manner or fraetbout a specific effect. For instance ‘a negétiebarged
particle is one of which it is true that, if brodghto proximity to another negatively charged et it will
experience a force of repulsion’ (Harré 2001, p. 97

*In Gibson’s ecological theory of perception, affances are the possibilities of action that arereff to an
agent by an environment (Gibson, 1979). The conlcaptalso been taken over in design theory, toesspnow
objects invite and constrain their users by offgricues for action’ (Norman, 1990; DiMaggio, 1991)has
recently been used by Rom Harré to develop a pragaecount of scientific experimentation which stts of
‘apparatuses/world complexes’ affordances (Harr@p32 Apparatuses/world complexes afford things,
processes and activities that cannot be constindedustained independently from technical preject
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processes and try to capitalize on its findings—ajomfeature of what Jones dubs ‘soft
engineering’: ‘The advantage of soft engineerinthét it does not treat the special features of
the nanoworld as problems to be overcome, instezxploits them and indeed relies on them
to work at all’ (Jones, 2004, p. 127).

Changing obstacles into positive principles of wask exactly what the French
philosopher Gilbert Simondon recommended for thsigie of ‘concrete’ machines as
opposed to ‘abstract’ ones (Simondon, 1958). Fano&don, a ‘concrete engineer’ is one
who pays attention to, and takes advantage of,etheronment affordances. Unlike the
abstract engineer, a concrete engineer does naioaimprove the machine’s efficiency first,
to introduce it ultimately into its work environnteBut instead, by imagining the machine in
its environment and ‘playing the milieu’, the coeter engineer anticipates the effects of its
operational effects on the environment, and thass tio integrate them into the machine’s
working principles. A concrete nanomachine wouldrkvprecisely because of—and not
despite—its association with its environment, whisbicomes the machine’s ‘associated
milieu’ and not an external parameter that engméeawre to take into account after designing
artefacts. Simondon’s ‘associated milieu’ is nansthing to which a standard, ready-made
machine will have to be adjusted. It is an intiinaspect of the design of the machine. It
means that each ingredient of the complex systeemvgsaged as a relational entity defined
by its interactions with the environment ratherntla physicochemical entity with a stable
identity (table 1).

Table 1 : Summary of the contrasts between the twmetaphorical frameworks

Representations of Warfare Model Oikological model

Field of operations visualized on @& Multiple ecological niches
radar screen. A passive, amorphousterrelated by various modes of
transparent and homogeneous | containement and interaction (e.g.

Body space to go through to reach a | selective membrane). An opaque
target uneven and over-crowded milieu
Disease A local entity to be eradicated A relational singularity to be tamed

State of well-being resulting from| Inhabiting the body again.
the absence, or the destruction, of Learning process of adaptation to

Health disease the new condition created by the
disease (no return to the biological
innocence)

Missile targeting a pathogenic Diplomat negotiating a
Therapeutic device entity compromise while taking care of

her homeland

‘Art du ménagemenflactic game

Therapeutic act Strategic game between two actorsnvolving multiple actors to be

the drug and the target interrelated and cared for at each
step of the drug’s journey through
the body

Transparent functionalized entity | Relational entity defined by its

Nano-object under control because it is the interactions (e.g. protein corona)
result of human design and
engineering
Conclusion
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Brigitte Nerlich has suggested that Gibson’s notdraffordance could help conceptualize
metaphors themselves in ecological terms. ‘An egiodd theory of metaphor would study the
“structural coupling” between a metaphor and thgirenment (...). Over and above its
intrinsic semantics [the metaphor] therefore hsragmatic”, dynamic, action-oriented face’
(Nerlich, 2003, p. 136). If we assume, with NerJithat metaphors do have affordances,
depending on their environment or ‘niches’, thenhage to have to acknowledge the ‘magic
affordances’ of the ‘magic bullet’ and the ‘therape missile’.

First, in the current context of crisis in pharmadzal industry the missile metaphor
affords public confidence. The underlying valuescohtrol and precision are more socially
acceptable than the view of a nanovectors seizpgpraunities in the course of a random
journey through the body. Missiles and nanorobotsnaore reassuring for patients and more
convincing for investors and industrial companies.

Second, the image of a smart vector penetrating anpassive cell is clearly bound up
with masculinity and reflects the gender bias thakx Keller noticed in the accounts of
molecular biology (1992). The preference for acdésurlying on mechanisms of a stunning
simplicity over others emphasizing complexity isnarked distinction of biotechnology and
nanotechnology and can be related to the prevaitalg vision of how the body works.

Third, the over-emphasis on the dispositions ofoparnticles is also important for
patenting purposes. Despite significant extensowes the past decade, the patent system still
relies on claims of invention, and thus on artefa&ince drug delivery research is mainly
patent-oriented, it must avoid putting the emphasiprocesses already performed by nature.
Hence the idea that drug delivery research in coisgawith other fields of nanotechnology
only contains a small proportion of biomimetic st@s—mostly limited to the ‘Trojan horse’
stratagems exemplified by viruses and phage.

Despite its advantages, the missile metaphor doedmfull justice to the complexity of
the issue. Addressing drugs to a specific siteratehsing the right dose in the right place at
the right moment in the complex environment ofvanty body requires more than a magic
bullet. In addition to the various disciplines thedtnverge in all engineering project,
nanomedicine requires the engagement of the bibgnilieu as a partner. Therefore, the
Paracelsian model underlying the ballistic metapiwbich may be adequate fam vitro
demonstrations of efficiency must be completed lyeauine Galenic model of a complex
and responsive milieu. The metaphor of the magitebbas a limited heuristic power and
brings about disappointing results. Ballistic ig tie relevant technological model because it
provides a distorted and biased view of the opamatito be performed by nanomedical
devices. Since they have to negotiate with theogiokl milieu and take advantage of what it
affords by turning obstacles into facilitators, aternative metaphoric framework is needed.
It thus comes as no surprise that a number of teesearch trends in targeted drug delivery
focus increasingly on the milieu thus exploring fieentials of the ‘oikological’ approach.
(Loeve et al. 2013)

Although the broad question of the definition ahoparticles remains far beyond the
scope of this paper, it is not extravagant to ssfteat the oikological metaphor could be
extended to other fields of nanotechnology, whéeneauld afford new perspectives. If the
relations between nanoparticles and their enviroime&re no longer treated as side effects
and rather as integral parts of their definition @haracterization, research priorities could be
dramatically changed. In today nano-initiatives otamicological studies of interactions
between nanoparticles and biological tissues @raations with the environment are often
viewed as a necessary detour for the safe and sfatenass diffusion of nanotechnological
products whereas they could become the hard cdreatsearch field. This is just a tentative
scenario of what might happen if nanoresearch wear®cus on the interactions of nano-
objects with their environment.
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