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Abstract

Innovative methods and significant developments in designing new synthetic inorganic materials have been used to
overcome limitations of current drug delivery systems. Inorganic polymers are widely used in the field of biomedicine,
imaging, tissue engineering and drug delivery because of their bioactivity, biocompatibility, and stability. A few of the
more well-known wholly inorganic polymers are portland cement, silicon dioxide, polyanionic glasses (including titania-
and aluminosilicate glasses), poly(sulphur nitride), polycrystalline diamond, graphite, poly(sulphur nitride), and alumi-
num-silicate materials. Inorganic polymers, especially those possessing significant porosity, are good potential candi-
dates for the delivery of several drugs (anticancer, antibiotics, and anti-inflammatories), providing advantages such
as encapsulation, controlled delivery, and improved targeting of drugs. Choosing a suitable drug carrier with a selec-
tive targeting potential also seems to be a very promising way for improving stability as well as selectivity. Despite all
the advances, developing homogeneous inorganic polymers with narrow molecular weight distributions is a multidis-
ciplinary challenge. The current keynote speech provides a review of the opportunities and challenges of using inor-
ganic polymers as drug carriers.
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(i) imaging agents [1], and (iii) the delivery of bio-
active molecules such as drugs [2,3], genetic ma-
terial, efc.

Polysiloxanes, polysilanes, polyphosphazenes,
polyoxometalates, zeolites, other aluminum-
silicates (including natural minerals and industrial
wastes like kaolin, fly-ash, and slag from blast
furnace), and polymeric carbons (such as di-
amonds and graphite) are some examples of inor-
ganic polymers. Herein, the opportunities and
challenges of using these polymers as drug deliv-
ery systems are discussed.

Polysiloxane and polysilane due to their bi-
ocompatibility, stability, optical transparency, and
low toxicity are broadly used in the production of
biomedical devices. Although, the hydrophobic
structure of these types of polymers can be used
as a hydrophobic drug carrier for molecules such
as nifedipine or ibuprofen, this property barricades
their application in drug delivery systems (such as
those involving cell adhesion, long-term cell cul-
ture, or surgical implants). Moreover, they can be
easily contaminated by pathogens and proteins. In
order to improve hydrophilicity in these types of in-
organic polymers, the functionalization of their sur-
face has been attempted by using several physical
and chemical treatments.

Polyphosphazenes with a phosphorus-nitrogen
backbone, due to their biological performance,
biocompatibility, and degradability, are used for
antimicrobial and anticancer agents, drug and
gene delivery, vaccine immunoadjuvants, and
tissue engineering. It is known that macromole-
cules can selectively accumulate in malignant tis-
sues due to a phenomenon known as the “en-
hanced permeation and retention effect” (“EPR ef-
fect”) [4]. This happens because the uncontrolled
growth of tumours makes them permeable to mac-
romolecules, due to defects on the surrounding
vascular and lymphatic structures. Therefore, the
selective targeting of tumours and cancer cells
might be achieved by using several formulations
of functionalized phosphazene.

Polyoxometalates (POMs) have been con-
sidered as novel, low-cost, transition metal oxide,
nanosized inorganic drugs with anticancer, anti-
bacterial, and antiviral properties [5]. Recently,
POMs were found to be promising anticancer drug
candidates [6]. Despite the advantages of using
purely inorganic POMs, these compounds mostly
suffer from side-effects like high and long-term tox-
icity, thereby impeding their clinical application.
Therefore, the functionalization and encapsulation
of POMs with organic moieties in order to synthe-
size modified organic-inorganic hybrids can not
only reduce the toxicity of the POMs, but also in-
crease their potential as chemotherapeutic agents.
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The tunable structures, various pore sizes,
chemical stability, high loading efficacy, and bio-
compatibility of zeolites make them attractive as
drug delivery systems. The ion exchange capacity
of zeolites is the most desirable function of a drug
release mechanism. Various zeolites have been
used as drug carriers for ibuprofen, 5-fluorouracil,
diclofenac sodium, aspirin, doxorubicin hydrochlo-
ride, indomethacin, and levofloxacin. Despite the
numerous advantages of zeolites as drug delivery
systems, drug molecules can be released rapidly
from the large pore size of zeolites, which is a se-
rious challenge. Therefore, the modification of the
zeolite is necessary so as to achieve a controlled
release profile of the loaded drug [7].

Finally, nano-diamond-based drug delivery
systems are excellent hydrophilic and hydrophobic
drug carriers that can release drugs in response to
light, pH, temperature, or enzymes. However, the
major concern of nano-diamond carriers as drug
delivery systems is their significant toxicity. In ad-
dition, they are characterized by a highly oxidized
surface and carry numerous functional groups that
directly affect the stability and agglomeration of
nano-diamonds in a variety of media. Hence, me-
chanical and chemical surface modifications are
used in order to reduce agglomeration and to en-
hance the stability and solubility in a variety of po-
lar organic solvents, by substituting the functional
groups on their surface [8].

Inorganic polymers are widely used in the field
of biomedicine due to their biocompatibility, bioac-
tivity, and stability; however, their use is limited by
their nonspecific distribution throughout the body,
leading to high doses, poor pharmacokinetics,
rapid clearance, and major side-effects [9].
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