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a b s t r a c t

The chemically and electrochemically reversible ferrocene/ferricinium redox couple has attracted consid-
erable attention, and a major application is dynamic redox switching of drug delivery systems (DDSs)
constructed with ferrocenyl (Fc)-containing polymers. Owing to the accompanying hydrophobic/hydro-
philic, neutral/cationic and complexation/dissociation transitions, the ‘‘on-demand” release of loaded
drugs has been achieved in response to external redox stimuli. Thus, Fc-containing polymers provide a
flexible and robust platform for the design and development of functional and smart DDSs. This review
summarizes the most recent progress in the fabrication of DDSs with Fc-containing polymers based on
the host–guest interactions of Fc/b-cyclodextrin (b-CD) and pillar[6]arene (PA). Fabrication techniques
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include solution self-assembly, mini-emulsion, layer-by-layer and template techniques. These Fc-
containing polymers involve main-chain, side-chain and dendritic topologies in which the polymers
behave in various supramolecular fashions. The discussed DDSs contain micelles, vesicles, nanoparticles,
nanotubes, multilayer films and bulk hydrogels, and the corresponding stimuli involves electrochemistry,
redox reagents, pH and temperature. Focus also is on the mechanisms of stimuli-responsiveness, fabrica-
tion methods, controlled release behaviors and potential applications of these DDSs including synergy
with medicinal properties of ferrocene derivatives. The prospects of Fc-containing polymer-based DDSs
are in nanomedicine whereby it will be possible to selectively deliver specific drugs to sick organs.
Many studies detailed here concern chemical studies that still need to be adapted to in vitro, then
in vivo studies in animals. From that point an ultimate and formidable challenge will consist in adapting
such DDSs to man diagnosis and therapy.

� 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Since Arimoto and Haven’s seminal report in 1955 [1], ferro-
cenyl (Fc)-containing macromolecules [2–7] have attracted consid-
erable attention of chemists and material scientists. The reasons
for this constant interest for ferrocene-containing materials are
the remarkable properties of ferrocene. Ferrocene is an orange d6

Fe(II) 18-electron neutral sandwich complex that is oxidized at a
rather mild potential of around +0.4 V vs. saturated calomel elec-
trode (SCE) to a green d5 Fe(III) 17-electron cationic form, ferrici-
nium (Fcium) that is then converted back into its original neutral
form using a reductant (Eq. 1) [7].

Fe Fe

+
0.4 V vs. SCE
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