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ABSTRACT: Nanotechnology provides exciting opportunities for the development of novel, clinically relevant diagnostic and
therapeutic multifunctional systems. Fluorescent carbon nanoparticles (CNPs) due to their intrinsic fluorescence and high
biocompatibility are among the best candidates. As innovative nanomaterials, CNPs could be utilized both as nontoxic drug
delivery system and bioimaging. We foresee a great future for CNPs in cancer diagnostic and therapy.

Personalized medicine is a major goal in cancer therapy,
aiming to increase drug efficacy and reduce toxicity. All the

available chemotherapeutic drugs currently in use for cancer
treatment have some undesired side effects. One strategy to
overcome side effects and increase efficacy is delivering
chemotherapeutic drugs in close proximity to the tumor. In
this regard, in the last years, nanotechnology-based Drug
Delivery Systems (DDSs) have been developed and tested in
vitro and in vivo. Among these, gold nanoparticles-based DDSs
have been investigated extensively.1 The strong Au−S
interactions make it very convenient to conjugate various
sulfur containing molecules and/or thiol-modified biomolecules
(proteins, peptides, and nucleic acids) to the surface of Au
nanoparticles. However, the major problem with AuNPs-based
DDSs is the toxicity since these particles are made-up of heavy
metal, which limits their applications in clinics.2 Moreover, the
conjugation of drug molecules or targeting chemicals to the
gold nanoparticles usually occurs through thiols, which reduce
the choices to medicinal chemists for drug loading through
chemical conjugation. Gold NPs are also known to quench
fluorescence of fluorophores, which makes them difficult to
track in vivo.3

Recently discovered, a new class of carbon nanomaterials
termed fluorescent carbon nanoparticles (CNPs) could be a
potential technological alternative due to their high water
solubility, flexibility in surface modification with various
chemicals, excellent biocompatibility, good cell permeability,
and high photostability.4,5 These CNPs are made up of only
carbon with inherent fluorescence properties, so their toxicity
should be minimal. On the basis of their synthesis, these
particles may contain different functional groups on their
surface; viz., −COOH, −OH, >CO, and −NH2, which imparts
them excellent water solubility and possibilities for covalent
conjugation with the chemotherapeutic agent, targeting agent,
and/or antibody (Figure 1).6,7 Chemotherapeutic drug in
combination with targeting agent could be easily tethered to the
CNPs through covalent linkage with these functional groups.
Chemical synthesis of fluorescent carbon nanoparticles
generally involves nonhazardous experimental procedures
including either the carbonization of carbohydrates of different
molecular weight or oxidation of carbon soot with nitric acid,
which could be considered as green.6−8 In order to increase the
fluorescence, their surface could be passivated with poly
ethylene glycol or other polymers.

The toxicity studies of carbon nanoparticles show that these
particles are nontoxic. In vitro studies demonstrate that under
biological relevant concentration range, cell treated with carbon
nanoparticles exhibited more than 80% of survival rate, clearly
manifesting minimal toxicity.6,9 In vivo toxicity of carbon
nanoparticles were also carried out on mice. Different amounts
of carbon nanoparticles were administered to mice intra-
venously.10 After 4 weeks there were no sign of toxicity and
adverse clinical symptoms. Hepatic indicators, blood urea
nitrogen, kidney function, uric acid, and creatinine were found
to be similar as the control untreated mice. Furthermore, no
abnormality or necrosis were seen in the harvested organs. This
study demonstrates that the particles are almost nontoxic and
are biocompatible.
CNPs possess distinct optical and chemical properties that

allow us to (i) have optical properties compatible with living
cells, (ii) modify with suitable exogenous chemicals, and (iii) be
biocompatible and nontoxic. These properties provide the
opportunity to medicinal chemists for the development of a
new multimodal drug delivery system, which could be used for
simultaneous drug delivery and fluorescent tracking. To date
there are several approaches reported in the literature for the
synthesis of carbon nanoparticles; however, they possess low
fluorescence mainly in the blue-green region. Thus, the
development of new methodologies for the synthesis of highly
fluorescent carbon nanoparticles with fine-tuned fluorescence
and engineered surface functionalization is urgently required.
Carbon nanoparticles having fluorescence in the red or NIR
range could be the best candidate for tracking and delivery,
which will avoid background noise from the endogenous
fluorophores during bioimaging. We believe that the develop-
ment of highly biocompatible and fluorescent drug delivery
systems based on fluorescent carbon nanoparticles holds great
promises for specific drug delivery with minimal side effect and
toxicity in cancer patients and provide valuable tools to
medicinal chemists for the synthesis of site-specific carriers of
various therapeutic agents with possible application also as
imaging systems. A possible future could be foreseen for CNPs
in medicine and clinics providing virtually no general toxicity
and long circulation times to seek out and destroy cancer cells.
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Figure 1. Carbon nanoparticle bearing −COOH group at their surface and the drug molecule (or antibody) containing −NH2 conjugated through
amide bond. This carbon nanoparticle-based drug delivery system provides a unique possibility for tracking them inside the biological system due to
the intrinsic fluorescence of carbon nanoparticle.
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