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Abstract

Carbon dots as beneficial bioimaging agent,
and hyaluronic acid as a biocompatible polymer
with a potent affinity to bind cluster determinant
44, are extensively used in biomedical fields. In
the present study, carbon dots were synthesized
by the hydrothermal method from lemon juice,
as a natural carbon source. Afterward,
hyaluronic acid Nanoparticles, containing
idarubicin and carbon dots were synthesized.
The presence of carbon dots in the hyaluronic
acid nanoparticles was confirmed by dependent
photoluminescence spectroscopy and Fourier-
transform infrared. Lysine was used on the
surface of the hyaluronic acid nanoparticles as
an essential amino acid with more willingness to
enter the cancerous cells, which can be
determinative in targeted drug delivery. The
average size of the modified nanoparticles was
471+ 23 nm and the measures showed uniform
size  distribution  of  hyaluronic  acid
nanoparticles. Lysine conjugation to
nanoparticles was corroborated because the N-H
peak around 3300 cm™ in the spectrum of
nanoparticles modified with Lysine was
removed. The cytocompatibility of nanoparticles

10AN

ACADEMIC STUDIES

was proved by MTT assay. The results showed
that nanoparticles conjugated with lysine
containing idarubicin and carbon dots could be
beneficial carriers for idarubicin against MCF-7
breast cancer cell line and carbon dots play an
efficient role in these carriers as advantageous
bioimaging agents.
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1. Introduction
Although many different kinds of traditional
therapeutics have been used to treat various
diseases such as cancers with some success, they
caused many serious side effects, poor targeting,
the possibility of occurring multidrug resistance
(MDR) and rapid drug's clearance. Moreover
they cannot completely prevent the probability
of relapse [1-7]. Nanomedicines come with a
multitude number of benefits during recent
years, including the ability of concurrent drug
delivery, diagnosis and real-time tracking of
chemotherapy efficacy, selective cancer-
targeting ability, masked drug efficacy, etc.
Moreover, they propose brilliant approaches to
improve biodistribution and decrease toxicity
and side effects of the drugs [8-14]. Recently,
fluorescent nano-sized carbon dots (Cdots) have
been suggested to present a wide variety of
advantages. They have high chemical and
optical stability, chemical inertness, excellent
biocompatibility, low toxicity in comparison
with traditional nanomaterials with high toxicity,
low metabolic degradation, low photo-
degradation, lack of blinking and high tunable
photoluminescence (PL) properties (size- and
excitation-wavelength (Rex) dependent
photoluminescence (PL) ) that make them
superior to semiconductor quantum dots [15-
20]. Cdots were discovered accidentally for the
first time in the purification process of single-
walled carbon nanotubes [21]. Top-down and



bottom-up methods ,as two main strategies, have
been found to synthesize Cdots [22]. Top-down
methods are including laser ablation method,
arc-discharge and electrochemical oxidation and
bottom-up methods are including thermal
decomposition, combustion and microwave
synthesis [23-25]. Since Cdots offer a great
number of biochemical applications, they are
highly used in drug delivery, photothermal
therapy [22], bioimaging [26], contrast agent
[27] and biosensor [28].

Hyaluronic acid (HA) is a biocompatible,
cytocompatible, non-immunogenic and non-
toxic natural polysaccharide in the body with a
potent affinity to bind cluster determinant 44
(CD44), HA receptor for endocytosis (HARE)
and lymphatic vessel endothelial Hyaluronic
receptor (LYVE)-1, that are overexpressed on
different kinds of tumor cells [29-33]. In the
present study, HA-Cdots-lysine nanoparticles
(NPs) loading with idarubicin (IDA), as an
anthracyclin antitumor drug, which belongs to
the family of drugs called antitumor antibiotics
were synthesized. Furthermore, the cytotoxicity
of the NPs on MCF-7 breast cancer cells was
evaluated. HA-Cdots were used to bind to the
related receptor cells (especially CD44 receptor
cells) and also for labeling and imaging that
specific kind of cells as fluorescent probes.

2. Materials and Methods

Idarubicin hydrochloride, dimethyl sulfoxide
(DMSO), 1-ethyl-3-(3-dimethyl-aminopropyl)
carbodiimide  hydrochloride  (EDS), N-
Hydroxysuccinimide (NHS), L-lysine, sodium
salt of hyaluronic acid with an M,, of 1000 KDa,
and fetal bovine serum (FBS) were purchased
from Sigma-Aldrich. Ammonium carbonate,
potassium dihydrogen phosphate (KH.PO.), and

acetone were obtained from Merck (Germany).
All chemicals were utilized without any
purification. Double distilled water was used for
the following experiments.

2.1. Preparation of Carbon dots

nanopatrticles

Cdots were synthesized from lemon juice ,as
a carbon source, using hydrothermal methods, as
follows. Lemon juice was passed from a 2.5 um
membrane (a Whatman filter paper) to remove
large particles. It was centrifuged for 15 min at
6000 rpm. Ammonium bicarbonate was solved
in the juice. Then 10 ml of the clear pulp-free
lemon juice was transferred into a 10 ml Teflon-
lined stainless steel laboratory autoclave, and
heated at 180°c for 7 hours. After the reaction
was completed, the autoclave was cooled down
to room temperature, naturally. The resulting
suspension was centrifuged at 10000 rpm for 30
min and then the supernatant was further
filtrated using a 0.2 um membrane. Finally, the
sample was freeze-dried and the dried powder
form of Cdots was obtained (“Figure 17).
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Figure 1. Schematic synthesis of Cdots from
lemon juice and preparation of NPs containing IDA
and Cdots




2.2. Preparation of conjugated NPs containing
IDA and Cdots

The sodium salt of HA was solved in 10 ml
phosphate buffer (pH= 5.5). 1 ml of Cdots
suspension  (45.52 mg/ml) and different
concentrations of IDA in phosphate buffer
(pH=5.5) were added drop wise to a fixed
concentration of HA solution. The solution was
sonicated on ice for 20 minutes using a bath
sonication (Elmasonic, Germany). EDC and
after that NHS were added to the solution to
activate the carboxyl group. In the next step, the
lysine was mixed to prepare conjugated NPs
(“Figure 1”). It should be noted that Cdots, EDC
and lysine were used with a molar ratio of 1:1 to
HA. NHS was used with a molar ratio of 2:1 to
HA and all of the solutions, including HA,
Cdots, IDA, EDC, NHS and lysine solutions
were prepared in phosphate buffer (pH= 5.5).
Finally, the resulted NPs were freeze-dried.

2.3. Characterization of conjugated NPs

The size and zeta potential of NPs conjugated
with lysine were analyzed using a zeta sizer
(Malvern, Germany). The morphological
characterization of the NPs was analyzed using a
Transmission Electron Microscopy (TEM). The
X-ray photoelectron patterns of HA, lysine, HA
NPs and HA-lysine NPs were recorded for
further verification of their various functional
groups, using X-Ray Diffractometer (XRD)
(Simens, Germany). Fluorescence emission and
excitation spectra of Cdots with and without the
ammonium bicarbonate conducted via various
excitation wavelengths (from 200 to 600 nm),
using Perkin—Elmer LS 45 Fluoro Spectrometer
with a 10mm quartz cuvette at room
temperature. The FL WinLab Software (Perkin—
Elmer) was applied for measurements and
spectra recording. The instrument consists of
two monochromators (excitation and emission),

a Xenon light source, ranges of fixed-width
selectable slits, selectable filters, attenuators and
two photomultiplier tubes as detectors. The
fluorimeter was connected to a PC
microcomputer via an IEE serial interface. All
measurements were performed in 10 mm quartz
cells at room temperature. EEMs were registered
in the ranges Aem =280-450 nm, each 0.5 nm,
and Jex=250-310nm, each 2nm. FT-IR
analysis was done to investigate the presence of
different polar functional groups on the surface
of Cdots, HA, lysine and HA-Cdot-lysine NPs,
using an FT-IR spectrophotometer (lrorestige-
21, Shimadzu, China). The stability of the
solutions was high for a long time without any
aggregation or precipitation.

2.4. Encapsulation Efficiency (EE %)

After loading IDA to the HA NPs, the
unbound IDA removed using dialysis for 12 h
against phosphate buffer (pH=5.5). The external
medium was renewed two times during dialysis.
The IDA encapsulation Efficiency (EE) was
evaluated by UV spectroscopy. The absorbance
was detected at 255 nm wusing a UV
spectrophotometer (MINI 1240, Shimadzu).
Various concentrations of IDA were prepared
and the UV absorptions were measured at 255
nm to obtain the calibration curve and calculate
EE.

2.5. IDA release profile

To evaluate the release profile of IDA from
the prepared NPs, 10 ml of the formulation was
suspended in 1 ml phosphate buffer saline (PBS)
(0.2 M, pH= 7.4) and was transferred into a
dialysis bag (MWCO 12000 Da). Then it was
placed in 30 ml PBS (0.2 M, pH= 7.4) in a
shacking incubator at 37 °C. At specified
intervals, 1 ml of solution from the outside
release medium was removed and replaced with



1 ml of fresh buffer. The UV absorptions of the
taken samples were measured at 470 nm. Thus,
the amount of drug released could be calculated
at different time intervals.

2.6. Invitro cytotoxicity

The cytotoxicity of the prepared formulations
was investigated by a MTT assay method. A
specific type of breast cancer cells (MCF-7 cell
lines) was placed in each well of 96 well-plate at
a density of 1.5x10* cells/well in the presence of
RPMI 1640, supplemented with 10 % FBS and
incubated in a humidified 5% CO,-containing
balanced air incubator (INC108, Memmert,
Germany) at 37 °C for 24 h. Then the medium
was replaced. Different concentrations of IDA in
the form of HA NPs containing Cdots and IDA,
and lysine conjugated HA NPs containing Cdot
and IDA were added to the wells with three
replicates and then incubated for 24 h. A group
of cells was treated only with DMSO and
considered as a control group. At predefined
time intervals, the culture medium was
replenished with MTT solution (0.5 mg/ml) and
the plates were incubated at 37 °C for a further 3
h. Thereafter, DMSO (100 pl) was added to the
each well to solubilize formazan crystals.
Finally, the optical density of each well was
evaluated at a test wavelength of 570 nm and a
reference wavelength of 630 nm, using an Eliza
microplate reader ((BioTek Instruments, USA).
The viability of MCF-7 cells after exposure to
different concentrations of nanoformulation was
determined. All the MTT assays were
conducted in triplicate and results were reported
as Mean = SEM in this study.

3. Results and Discussion

3.1. Preparation and characterization of
Cdots, NPs containing Cdots and conjugated NPs
containing IDA and Cdots

Natural products as useful sources were
usually used in the synthesis of Cdots. In March
2018, Arkan and et al used walnut oil as a
natural carbon precursor. They investigated and
proved the apoptogenic and cytotoxic activities
of the Cdots against PC3, MCF-7 and HT-29
human carcinoma cell lines [22]. In this study,
Cdots were synthesized using lemon juice and
ammonium bicarbonate as a nitrogen source to
increase Cdots photoluminescence properties.
Indeed, ammonium bicarbonate increases
emission for a similar mass percentage of Cdots
that proves the increased optical properties of
Cdots for experimental and clinical studies.
“Figure 2a and 2b” show the excitation and
emission spectra of Cdots with and without
ammonium bicarbonate. Cdots can be useful for
multicolor bio-labeling and bio-imaging [34]
and catalysis [35] due to their carboxyl and
hydroxyl groups [36]. Moreover, several studies
were done to show the anticancer properties of
Cdots [37]. To characterize functional groups on
the surface of HA, Cdots, lysine and conjugation
formulation (HA-Cdot-lysine NPs) FT-IR
evaluation was done (“Figure 3”). There is a
significant peak around 3450 cm™ on the FT-IR
spectra of Cdots and HA-Cdot conjugates that
demonstrates the presence of HA in the
conjugates. The absence of C-N and C=0
groups of Cdots on the FT-IR spectrum of HA-
Cdot-lysine NPs indicates the presence of Cdots
inside them. EDC and NHS activate the
carboxylic group of HA and amine group of
lysine and bind them to each other.
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Figure 4 (A&B). TEM images of HA-Cdot-
lysine NPs
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against MCF-7 cells was examined. In order to
examine the possible role of lysine in increasing
cytotoxicity of IDA-loaded HA-Cdots NPs, two
formulations (in the presence or absence of
lysine) were compared in terms of cell viability.
According to the results, conjugation of lysine to
the formulation of HA-Cdots NPs potentiated
the cytotoxicity of these NPs, leading to
reduction of its 1Cs, from 0.056 to 0.039 mg/ml.
These results altogether indicated the promising
potential of nanoformulations including Cdots
against MCF-7 cancer cells, which can be
potentiated by conjugating lysine to Cdots
(“Figure 8”).

Rath and Pauling reported that lysine can
inhibit ECM proteolysis and MMPs [38]. The
anti-invasive and anti-proliferative potential of
lysine were demonstrated on different human
cancer cell lines. Cancerous cells have a higher
affinity to lysine, as an essential amino acid,
than normal cells. Conjugating HA NPs with
lysine causes the increased entrance of
nanocarriers into the cancerous cells [38].

3.2. IDA release profile

“Figure 7” shows in vitro release profile of
IDA from HA-Cdot NPs. As shown in this
figure, a burst release of 70 % was found within
9 h that increased to 78 % within 15 h under
phosphate buffer at pH=5.5. The drug release
was controlled after 9 h, which was due to the
electrostatic interactions between the NP and the
drug inside it. This controlled release profile of
IDA can be helpful in counteracting cancerous
tissues with mildly acidic environment.
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Figure 8. Cell viability percent of MCF-7 cells
treated with different concentrations of IDA-loaded
HA-CDs NPs with or without lysine

4. Conclusion

Cdots were synthesized from lemon juice,
using hydrothermal methods, in presence of
ammonium bicarbonate and confirmed by PL
spectroscopy and FT-IR. HA-Cdot NPs were
synthesized by amide bond formation between
amine groups of Cdot and carboxylic groups of
HA, which analyzed and confirmed by FT-IR.
Lysine conjugation to HA-Cdot NPs was done
and corroborated by FT-IR. The XRD test
proved the amorphous drug loading inside the
carrier. The average size of HA-Cdot-lysine NPs
was 471+ 2.3 nm and Pdl was 0.5+ 0.01. The
cytocompatibility of IDA-loaded HA-Cdot-
lysine NPs was proved by MTT assay. The
current study represents lysine conjugated HA
NPs containing carbon dot as a proper carrier of
IDA against MCF-7 breast cancer cell line and
Cdots as an advantageous bioimaging agent.
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