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ABSTRACT

Recent advances in carbon based porous materials in biomedical science and
technology have been discussed. Biomedical applications like drug delivery, tissue
engineering, biomedicine, gene transfection, photothermal and photo-dynamic theory
of porous carbon materials such as mesoporous carbon materials, carbon nanotubes,
activated carbon, graphene and fullerenes have been briefed. Finally, future biomedical
applications of new porous carbon materials including metal organic frameworks,
carbon dots have been introduced in this mini review.

Keywords: Mesoporous; Carbon Nanotubes; Activated Carbon; Fullerenes; Graphene;
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Introduction

Porous carbon materials (PCM) can be classified depending on
the size of the pores as microporous < 2nm, mesoporous 2-50nm
and macroporous > 50nm. PCM could contain only one type of
porous system or can be a product of combination of two types or
all three types of pores. When such combination of porous systems
are present as an interconnected porous system such materials are
called as hierarchically porous materials. Further the present single
porous system or combination of porous systems could be ordered
or disordered in shape, size and location. PCM can be synthesized
mainly in two different ways, nanocasting where a hard template is
used to build up the carbon structure and direct synthesis where a
soft template is used. Hard templates used for nanocasting method
are mainly zeolite and silica. Such hard template materials are
embedded in the carbon precursor. Carbonization followed by
the removal of template generates the porous structure. Zeolite
template produces microporous carbon and silica template
produces either mesoporous or macroporous or such resulting
PCM can have all three porous systems as well [1]. Direct synthesis
mainly involves the synthesis of PCM by sol-gel synthesis where
a soft template, basically a polymer/surfactant along with the
carbon precursor and a polymerization agent is used to generate
the porous structure. In addition to such PCM synthesized by the
above-mentioned methods, PCM generated by naturally available

materials such as coconut husk, paddy husk, tea waste etc. are also
available as low cost materials. PCM are promising candidates in
the discipline of material science due to their high performance
in extensive applications. These materials have received great
attention due to their unique and distinctive physiochemical and
biological properties including large surface area and large pore
volume with adjustable pore structure, presence of favorable
functional groups including m-m stacking and a easily modifiable
surface, high heat conversion capacity, unique optical properties,
high biocompatibility, high chemical inertness, and high mechanical
stability [2,3]. PCM are used in many applications including but
not limited to supercapacitor applications and electrochemical
applications [4], supports in catalysis [5], adsorbents to remove
pollutants etc. [6]. This mini review summarizes the biomedical

applications of such PCM.

Mesoporous Carbon Materials

Liu et al. [7] reported that the Eu®**/Gd?**- EDTA-doped hollow
mesoporous carbon was an effective drug delivery system with high
loading capacity and sustained release behavior of the model drug
carvedilol compared to the commercially available drug [7]. They
have noticed that the dissolution rate decelerated with increasing
mesoporous shell. Further, according to the findings by Wan et al.
[8] hyaluronic functionalized mesoporous carbon spheres loaded
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with doxorubicin and verapamil has significantly increase the cell
cytotoxicity and cell apoptosis and therefore has exhibited high
anticancer effects with low systemic toxicity. Hence the reported
mesoporous carbon spheres are effective drug carriers for efficient
combination cancer therapy [8]. Zhang et al. [9] also reported
mesoporous carbon nanospheres capped with CuS nanoparticles as
an effective drug carrier using doxorubicin as the drug and due to
the near-infrared absorption and photothermal conversion ability
of CuS nanoparticles, generating heat could kill the tumor cells [9].

Carbon Nanotubes

Serag etal. [10] reported endosomes escaping multiwall carbon
nanotube based nano transporters for plant cells which could be
used to deliver molecular cargos into specific compartments of the
cell [10]. Carbon nanotubes-based biosensors can overcome some
disadvantages associated with the conventional electrochemical
biosensors such as poor sensitivity and stability, large response
time, low reproducibility, etc. [11]. Liu etal. [12] have found that the
nanocomposite film which contains multi-walled carbon nanotubes,
chitosan, poly(amidoamine) along with the incorporation of DNA,
modified Au electrode exhibited electro-catalytic activity toward
dopamine and uric acid oxidation under coexistence of ascorbic
acid and could separate oxidation peaks of those compounds into
three-well defined peaks facilitating the determination of dopamine
and uric acid in the presence of large amounts of ascorbic acid [12].
Xing et al. [13] reported Lentinan modified multi walled carbon
nanotubes could enter the dendritic cells and carry large amounts
of antigen being an effective intracellular antigen depot and they
can potentiate cellular and humoral immunity and constitute a
potential vaccine delivery system for therapeutic purposes [13].

Activated Carbon

Activated carbon (AC) is utilized in fabrication of electrodes used
in biosensors where the high surface area allows immobilization of
enzymes required for sensing compound of interest and promoting
the electron transfer between the electrode and substrate [14].
Biosensors fabricated mainly with reduced graphene oxide-
activated carbon composites decorated with Pt nanoparticles
exhibit good response to glucose with high sensitivity in a short
response time of about 4s and a lower detection limit of 2uM
suggesting them to be used in urine glucose sensing applications
[15]. AC has also been used in fabricating a biosensor designed to
quantify triglycerides in human serum samples where the results
obtained were on par with industrial standards [16]. Further,
a biosensor fabricated with the aid of AC for quantification of
Dopamine is reported to have minimized the interference by
ascorbic acid in the assay and outperformed previously designed
dopamine biosensors in sensitivity [17]. Magnetically targeted
drug delivery is an area of research that realizes the potential of AC
in adsorption and desorption of drugs like Theophylline to deliver
and retain in an area of interest providing prolonged therapy [18].
Widely recognised for its adsorption capacity, activated carbon is
being administered in treating cases of acute poisoning as either

a single dose or multiple doses. A single dose of AC is generally
employed in gastrointestinal decontamination upon ingestion of
toxic substances which are known to be adsorbed to AC [19].

Fullerenes

Foley etal. [20] demonstrated through fluorescence microscopy
and radioactive labelling that a water-soluble fullerene derivative
C,,(COOH), is able to cross the cell membrane and preferentially
bind to the mitochondria. This resembles the structural analogy
between the fullerene cage and that of the clathrin-coated vesicles,
which therefore can be used in organelle targeted drug delivery
[20]. Fullerene is a spherical carbon molecule with strong radical
activity and such theory has been used by Inui et al. [21] to find out
the clinical effectiveness of fullerene gel in treating acne vulgaris. In
this study, an open trial using a fullerene gel twice a day; at 4 and
8 weeks, showed a decrease in the mean number of inflammatory
lesions [21]. Gharbi et al. [22] studied the free-radical scavenging
properties of fullerene using acute carbon tetrachloride intoxication
in rats which is a classical model for studying free-radical-mediated
liver injury. This proved that aqueous fullerene suspension could
act as a powerful liver-protective agent [22].

Graphene

Chowdhury et al. [23] reported the use of oxidized graphene
nanoribbons as a delivery system to deliver anti-tumor drug
Lucanthone into the cells reducing nonspecific cytotoxicity to the
surrounding healthy tissues [23]. Zhang et al. [24] reported that
the BaGdF, nanoparticles attached graphene oxide nanosheets
shows low cytotoxicity, positive magnetic resonance contrast effect
enabling magnetic resonance and X-ray computed tomography
imaging of tumor cells and could be used in photo thermal
therapies [24]. Though how much graphene-based materials are
promising candidates for biomedical applications, generally these
materials show different degrees of toxicity limiting their use in
such applications [25].

Future Materials

Metal
materials, and carbon quantum dots are potential candidates that

organic framework derived nano parous carbon

could be modified and developed for biomedical applications in the
future.

Conclusion

Various PCM have been developed and used in the
biotechnological applications especially in biomedical applications.
New candidates for such applications should also be developed that

may withstand the disadvantages of the existing materials.
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