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The three nano-mediated co-delivery strategies
discussed herein consist of:
1. Chemo-sensitizer/chemical drug: In order to avert
indiscriminate drug toxicity, various research groups are
developing nanocarriers which can co-deliver both drugs
and chemosensitizers (Table 1). Chemosensitizers
should be adsorbed or conjugated on the nanocarrier
whilst drug molecules are encapsulated or dispersed in
the nanocarrier (Fig. 1).
2. Genetic plasmid/chemical drug: Gene therapy provides
avenues to regulate some critical pathways (Table 2),
such as angiogenesis and metastasis, which usually
evade chemical interference. Thus a combination of gene
therapy and chemotherapy can interfere with multiple

cancer pathways simultaneously. Under this
scheme, gene therapy halts angiogenesis and
metastasis, whilst chemotherapy thwarts cell
proliferation (as seen in Fig. 2).
3. Multiple chemical drugs: Several combinations
of chemotherapeutic agents are being prescribed
for the treatment of various cancers. In the UK for
example, concoctions such as docetaxel/cisplatin
(Taxotere®), Gemcitabine/capecitabine (GemCap)
and Irinotecan/cetuximab are being used for
treating breast, pancreatic and bowel cancers
respectively. However, a persistent concern over
the use of these drugs in their native form is their
likely cumulative toxicity on healthy cells. Fig. 3
shows functional nanoparticle loaded with two
different chemical drugs. Therefore in order to
avert these potential side effects investigations
on nano-mediated co-delivery of various chemo
agents for the treatment of glioblastoma (Table 3)
are currently in different stages of development.

Different techniques targeting cancer cells and
survival pathways have also been suggested for
treatment of glioblastoma. A common entity among
the proposed solutions for improved chemotherapy
efficiency and efficacy are multifunctional
nanotechnology-based drug delivery systems.
While several review studies have been performed on
nanotechnology based brain drug delivery systems, to
the best of our knowledge, there is no comprehensive
review regarding nanomediated co-delivery of anti-
glioma therapeutics. Thus the aim of this work is to
present the current status and trends in nano-
mediated codelivery with different therapeutic agents
for glioblastoma treatment.
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Fig. 3. The scheme illustration of functional nanoparticle
loaded with two different chemical drugs.

Fig. 2. The illustration shows a liposome co-loaded 
with a chemical drug and a therapeutic gene.

Fig. 1. The illustration of a multifunctional nanocarrier

co-loaded with a chemical drug and a chemosensitizer.

The synergism between nano-mediated co-
delivered therapeutic agents provide superior
anti-glioma cytotoxicity when compared to
traditional combinational therapy using the same
drugs. several fundamental challenges regarding
co-delivery needs to be addressed before the
techniques can realize their clinical potential.
Firstly, some therapeutic agents are incompatible
due to their physiochemical properties, such as
difference in hydrophilicity/hydrophobicity or likely
chemical reactions between the two therapeutic
agents. Secondly, it is difficult to obtain an ideal
release pattern of the two agents. If the
nanoparticle fails to release its payload in an ideal
manner the entire formulation may not yield the
anticipated efficacy. Extensive research on
various combinations of drugs and appropriate
nanocarriers are critical for the success of co-
delivered therapeutic agents in the fight against
glioblastomas.


