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Abstract: As an emerging carbon nanomaterial carbon nanodots( CNDs) have many advantages such as low

preparation cost small size low toxicity high biocompatibility good water solubility easy modification u-

and exhibit unique advantages and application prospects in the field of bio—

medicine. Taking advantage of the abundant surface functional groups carbon nanodots can interact with func—

tional theranostic agents such as targeting ligands contrast agents in medical imaging nucleic acids chemical
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drugs photosensitizers and photothermal conversion reagents to form composites. Currently bioluminescent
imaging applications of carbon nanodots and their composites in biomedical theranostic fields such as medical
imaging gene therapy chemotherapy photothermal therapy and photodynamic therapy are widely studied
and reported. These researches are of great significance to the development of medical theranostic reagents
based on carbon nanodots and their clinical advancement and provide a novel drug system for the advance-
ment of individualized visualized non-invasive and minimally invasive diagnosis and treatment of major hu—
man diseases. This paper focuses on the design construction and performance of carbon nanodots and their
composites used in the field of theranostics. In addition the research progress of the reported carbon nanodots
based theranostic reagents in the biomedical field is discussed and summarized.

Key words: carbon nanodots; carbon nanodot complexes; theranostic agents; nanomedicine

10 nm
2.1
N o ( ) N
10 nm
2
N N o sp sp N
o N ~ ( ~ Y ~ N
) o
N N N ( 0.18~0. 24 nm)
~ ~ ~ ( O. 334 nm)
", C.O0.H
49
N N.S.Se.P.B

N S N 2.2



3 : 403

1

Tab.1 Synthetic methods and properties of carbon nanodots
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Fig.1 (a) A schematic illustration for the formation of
carbon nanodots from citric acid and urea
’ X X through dehydration and following carbonization.
A A The absorption( b) and emission( ¢) spectra of
° blue green and orange emissive carbon nanodots
obtained by tuning the conjugation degree of car—
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Left: Number-averaged particle diameter from
dynamic light scattering of as-synthesized OCN
dispersed( 0.2 M) in fresh water and anhydrous
state TEM image drop-deposited on a nickel
grid. Right: Non-invasive real-time in vivo PA
imaging of SLN in a nude mouse: the laser was
tuned to a wavelength of 650 nm. PA image ac—
quired immediately ( 2 min) after the OCN in—
jection( upper) . The contrast is much weaker

after 210 min post—injection( lower) *
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different areas. The excitation wavelength was
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channel was 695 775 nm. ( c¢) Photographs of

and the collected fluorescence

mice after various treatments on the 1st 9th
17th and 25th day ( PDT: GQDs + light irradia—
tion; C1: GQDs only; C2: light irradiation only.)
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Fig.4 ( a) Optical images of CNDs( left) and supra-CNDs( right) in the solutions( upper) and the solid states( lower) ;
('b) The absorption spectra ( normalized at the absorption maxima in UV region) of CNDs and supra-CNDs; ( ¢) Pho-
tothermal profile of supra-CND aqueous dispersions with different concentrations under 808 nm laser irradiation( 1

W/em?) in contrast to pure water >’
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Fig.6 ( A) Cytotoxicity and cell targeting. ( a) Photoluminescence intensity change when Gd@ C-dots were incubated in
buffers of different pH values. ( b) Gd release from Gd@ C—dots over time. ( ¢) Cell viability evaluated by MTT as—
says with U87MG cells. ( d) Cell targeting study. ( e) T,-weighted MR images of cell pellets where cells had been
incubated with either RGD-Gd@ C-dots or Gd@ Cdots. ( B) (a) T,-weighted transverse MR images. Images were
acquired at 0 10 30 45 60 and 240 min. ( b) T,-weighted coronal MR images. Significant signal enhancement
was observed in tumors of animals injected with RGD@ Gd-dots. ( ¢) Relative signal change at different time points

based imaging results from b. ( d) Immunofluorescence histology study with tumor samples
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Fig.7 A schematic illustration for the gene delivery and real-time monitoring of cellular trafficking utilizing CD-PEI/Au-

PEI/pDNA molecular assembly of nanohybrids *
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Fig.8 Synthetic scheme for CD-Oxa and its applications in bioimaging and theranostics *
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71

Fig.9 Schematic illustration of the experimental design overview. ( a) The amines( ~NH,) on DOX bind with the carboxylic
acid( —COOH) on CDs via electrostatic interactions or hydrogen bonding. (' b) Delivery of CD DOX conjugates to
HepG2 cancer cells and HL-7702 normal cells with strong green signal imaging tracking. The CD DOX conjugates
are expected to release DOX in HepG2 cancer cells but not HL-7702 normal liver cells due to low pH in cancer
cells.Schematic illustration of the GQD—based FRET system for nuclear-targeted delivery allowing for real-time moni—

toring the drug release process
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10 a- (CD)
( CD-PEGFA/
ZnPc) 5
Fig.10  Schematic illustration of the preparation of car— 11 (a) FPC-NCs .
bon nanodots( CD) from a-cyclodextrin and tar—
geted photodynamic therapy with folic acid
functionalized carbon nanodots loaded with zinc R
phthalocyanine( CD-PEGFA/ZnPc) * FMCNCs  DOX ™ .
(DOX) - FPCNCs /
o Zhou 1 (b)
100 nm DOX  FPC-NCs
FPCNC DU145 / ¥
. FPCNC Fig. 11 ( a) Schematic illustration of multifunctional
DU145 FPC-NCs. The fluorescent CDs embedded in
DOX FPCNC PH the porous carbon shell can not only be used
for confocal and two—photon imaging contrast
FPEANC-DOX but also convert the NIR light to heat effec—
tively. In addition the large hollow cavity and
DU145 ( 11) " . Sharon porous carbon shell can provide a high loading
(GA) capacity for anti-cancer drug( DOX) through
( GNR) the supramolecular m stacking  hydrogen
_ ( C—dots bonding and electrostatic interactions be—
@ GNR) . DOX tween DOX and FMC-NCs. Thus the FPC-
949% NCs can combine photothermal /chemotherapy
into a single nano-object to provide high thera—
’ peutic efficacy; ( b) Schematic illustration of
the chemotherapy and combined chemo-photo—
GNR o thermal treatment of the DOXdoaded FPC-

NCs in the presence of NIR irradiation *
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Fig.12 (' a) Urine accumulation of C-dot-ZW800 after different routes of injection. The mice were kept under isoflurane an—
esthesia the bladder was exposed and NIR images were acquired at the indicated time points before and after
(top) 1iv injection ( middle) sc injection and ( bottom) im injection. ( b) Quantification of the ZW800 fluores—
cence signal in (a) . ( ¢) Representative coronal images from 1 h dynamic PET imaging of *Cu-Cdot after three
routes of injection: left iv injection; middle sc injection; right im injection. ( d) Tumor uptake of C-dot-ZW800

after different routes of injection *°
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