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ABSTRACT: Carbon dots, the nanostructures of carbon, have excellent optical and chemical properties and find a range of
applications in various fields of biology and medicine. In the current study, carbon dots are synthesized using in vitro nonenzymatic
glycosylation at 37 °C, which is the conventional method for the synthesis of Advanced Glycosylation End products. While
comparing the physicochemical properties using a series of physical and chemical analyses including light absorption, fluorescence,
photoluminescence, chemical composition, functional group analysis, and in vitro imaging, striking similarities are found among
Carbon dots and Advanced Glycosylation End products. Based on the evident resemblance between the two, we propose either the
presence of a common structural backbone or the coexistence of the two individual chemical entities. Thus, the formation of carbon
dots at physiological temperatures raises health concerns as nonenzymatic glycosylation is a physiological process in humans and the
rate of which is elevated during diabetes. The Advanced Glycosylation End products are known to have a detrimental effect in
diabetic patients, and the chemical similarity between the two questions the widely studied biocompatibility of carbon dots.

1. INTRODUCTION

Carbon dots (C dots) are nanostructures of carbon with sizes
measuring below 10 nm, enriched with oxygen and/or nitrogen
functionalities.1 C dots, well known for their fluorescence and
photoluminescence properties, could replace heavy metal
quantum dots owing to their ease of synthesis, excellent bio-
and cyto-compatibility, and cost-effectiveness.2 The starting
materials for C dot synthesis are abundantly available, and they
can be conjugated with a plethora of functional molecules to
enhance the chemical stability, water solubility, and quantum
yield.3 C dots were discovered accidentally during the
electrophoretic purification of carbon nanotubes in 2004,4

and these nanoscale carbon particles have gained wide
popularity after its synthesis by Sun et al. by laser ablation of
the carbon source.5 Since then, C dots have been synthesized
using different top-down and bottom-up approaches including
hydrothermal methods,6 microwave irradiation,7 electrochem-
ical synthesis, thermal carbonization, and acid dehydration.8

The standout chemical and physical properties of C dots found
immense applications in solar cells9 due to the exceptional light
absorption capacity, bioimaging,10,11 biosensing employing
fluorescence12−15 and photoluminiscence properties,15 photo-
dynamic16 and photothermal17 therapy, photocatalysis,18

temperature sensing,19 pH sensing,11 and electrochemical
applications.20 In addition, C dots are studied to have
antimicrobial21 properties and find theranostic applications in
neurological disorders and cancer.22

Interestingly, some of the recent studies have found the
natural presence of C dots in food sources that are rich in
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proteins and sugar,23 in addition to the food products that are
prepared by caramelization or browning.24−26 The browning
reaction, also known as the ″Maillard reaction″ or non-
enzymatic glycosylation, involves the chemical reaction
between reducing sugars and proteins to form highly reactive
compounds rich in carbonyl functional groups,27 which are
otherwise known as Advanced Glycosylation End products
(AGEs).28,29 In 2014, Wei et al. for the first time reported the
use of nonenzymatic glycosylation for the production of
fluorescent C dots, employing glucose and amino acids as
reactants in a microwave-assisted synthesis.30 Additionally, a
number of researchers reported the production of C dots using
proteinaceous and sugar-rich carbon sources6,31−33 and also
from Maillard reaction products.34

The procedure for the in vitro synthesis of C dots reported in
some studies6,35,36 is strikingly similar to that of in vitro
nonenzymatic glycosylation27,37,38 except for the fact that the
synthesis of C dots is generally performed at very high
temperatures5,7,34 to enable the rearrangement of carbon-
containing functional groups. We report for the first time the
spontaneous formation of C dots during in vitro glycosylation
of Hemoglobin A0 (Hb) using fructose as a reducing sugar at
37 °C. In addition to the comparability between C dots
synthesis and AGE formation through nonenzymatic glyosy-

lation, we establish profound similarities among the properties
of C dots and AGEs. Nonenzymatic glycosylation or
caramelization is an inevitable flavoring process in certain
food products, and concerns regarding the presence of AGEs
in food derivatives are being addressed over the past years
owing to their role in the pathophysiology of diabetes and
associated complications.39−41 Considering the clinical sig-
nificance of AGEs28 along with the newly found similarities
with C dots, AGEs present in thermally processed foods raise
serious health concerns.42 The findings from this research can
enlighten the structural and chemical aspects of both AGEs
and C dots.

2. RESULTS AND DISCUSSION

2.1. In Vitro Nonenzymatic Glycosylation and
Existence of Fluorescent C Dots. Nonenzymatic glyco-
sylation is studied to induce significant alterations to the folded
structure of proteins during the course of the reaction and
formation of AGEs.38 Figure 1A represents the UV−visible
absorption spectra of HBF (Non-enzymatic glycosylated Hb)
with respect to the HB control.
It shows the complete loss of the heme prosthetic group and

an increase in absorbance at 280 nm (absorbance by aromatic

Figure 1. Spectroscopic characterization of in vitro nonenzymatic glycosylation: (A) UV−visible absorption spectra of HBF and HB control; (B)
fluorescence emission spectra of HBF, HB control, and fructose control; and (C) photoluminiscence emission spectroscopy of HBF at increasing
excitation wavelengths from 300 to 380 nm.

Figure 2. Morphological analysis of carbon dots in HBF: (A) TEM image, (B) HR TEM image, (C) histogram plot for particle size distribution,
and (D) XRD pattern of HBF.
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amino acids) due to postglycation unfolding of the protein
structure. The unfolding of the protein is accompanied by the
formation of AGEs as seen in the fluorescence emission spectra
of HBF (Figure 1B). Not all but some of the identified AGEs
are known to exhibit fluorescence emission in the violet−blue
region of the electromagnetic spectrum and hence are used as a
primary and important tool for the identification of AGEs.46

HBF shows a significantly high fluorescence emission at 450
nm in comparison to the respective protein (HB) and sugar
(fructose) controls, confirming the formation of AGEs (Figure
1B). The fluorescence emission of AGEs in the blue region of
the spectrum closely resembles the emission profile of C dots
synthesized from some biological sources,32,47 and that incited
us to look for the photoluminescence of in vitro glycated HB.
Interestingly, HBF exhibited photoluminescence when excited
at 350 nm and wavelengths ranging from 300 to 380 nm
(Figure 1C). The ability to show fluorescence emission in a
wide range of the excitation spectrum is an important and
unique feature of the carbon dots32 or quantum dots48 in
general. This enabled us to propose that since in vitro
approaches for the synthesis of C dots involve a similar
procedure to that of nonenzymatic glycosylation, there is a
possibility of spontaneous formation of C dots in glycation
reactions involving protein and sugar.
2.2. Evidence for the Presence of Carbon Dots in In

Vitro Glycated HB. The spectroscopic characteristics of HBF
and their comparability to those of carbon dots inspired us to
investigate further the possibility of the formation of C dots in
these samples. When viewed under a transmission electron
microscope, HBF showed the presence of small carbonaceous
particles spread throughout the sample (Figure 2A).
Also, the HR TEM image indicated a de-spacing value of

0.264 nm (Figure 2B), corresponding to the lattice points of
the 100 plane of graphite,49 as reported for carbon dots
synthesized from biological sources.50 The mean diameter of
the observed particles was measured to be 6.458 nm with a
standard deviation of 1.295 nm (Figure 2C). The XRD analysis
of HBF showed a peak at 2θ = 24.075 that corresponds to a
de-spacing value of 0.369 nm, which confirms the presence of
graphitic regions in HBF.51 The morphological features of the
particles observed here in HBF are comparable to those of C
dots,51−53 and this represents the primary evidence for the
presence of C dots in glycated HB samples.
Although the exact chemical structure of C dots is largely

unknown and still under investigation, C dots are known to be
rich in carbon- and nitrogen-based functional groups that
impart them their unique spectroscopic properties.54 To
further understand the chemistry of the C dots from HBF
(C dot_HBF), we evaluated the surface properties of the same.
The presence of functional groups in a chemical entity largely
determines the chemical reactivity of the molecule. The
reducing property of HBF was measured against that of sugar
and protein controls to have an idea about the functional
groups present in HBF. Figure 3 shows the comparative study
of the reducing properties of HBF along with HB and fructose
controls.
As evident from the figure, the reducing property of HBF

was significantly greater compared to its controls, indicating
the presence of a large number of functional groups in HBF.
The presence of carbon, nitrogen, and oxygen in HBF was
confirmed using EDAX analysis (Figure 4A). The functional
groups in HBF were then studied in detail using XPS. As
shown in Figure 4B, the survey spectrum confirmed the

presence of carbon-, nitrogen-, and oxygen-based functional
groups in HBF. Further evaluation of deconvoluted peaks of C
1s spectra for HBF indicated the presence of C−C/CC
(284.2 eV), C−N (285.3 eV), C−O (286.3 eV), CO (287.2
eV), and O−CO (289.2 eV) in HBF (Figure 4C). The O 1s
spectra showed the presence of O−H (530.05 eV), *OC−O
(530.94 eV), C−O (532.07 eV), and OC−O* (533.1 eV)
(Figure 4D). The N 1s spectra showed the presence of C−N−
C (398.92 eV) and N−(C)3 (400.99) (Figure 4E).34,36 Thus,
XPS analysis altogether confirmed the presence of carbonyl-
and carboxyl-based functional groups and primary, secondary,
and tertiary amines in HBF. These functionalities present in
HBF are consistent with reports on C dots.53 This confirms the
formation of C dots during the in vitro nonenzymatic
glycosylation of HB.

2.3. Bioimaging and In Vitro Studies Using C
Dot_HBF. One of the major advantages of carbon dots over
heavy metal quantum dots in in vivo applications is their
relatively greater cyto-compatibility compared to the latter.
Carbon dots are known to be less toxic alternatives to the other
heavy-metal-based quantum dots and hence are widely
employed for bioimaging studies.55−57 To study the effect of
C dot_HBF in biological systems, the effect of C dot_HBF in
mammalian cells (HEK293T cells) was evaluated using an
MTT assay (Section 4.2.6.1). At lower concentrations, C
dot_HBF increased the activity of HEK293T cells, and as the
concentration increased further, it is seen to be inducing
toxicity on the cells (Figure 5A).
Consistently, the FACS analysis indicated granularity

changes in the cell after treatment (Figure 6) as the scattering
pattern is seen to be significantly altered. Figure 6 shows the
FACS analysis of untreated HEK293T cells (Figure 6A) and
cells treated with increasing concentrations of C dot_HBF
(Figure 6B−D). The total number of acquired events was
divided into four quadrants. A shift of cell number toward Q1
shows an increase in granularity and enhanced cell death upon
treatment with increasing concentrations of C dot_HBF
(Figure 6B−D) when compared to the untreated control
(Figure 6A). The in vitro studies thus confirmed that C
dot_HBF induce cytotoxicity in cells at higher concentrations,
which is consistent with some of the reported literature.58,59

To study the probability of using C dot_HBF for
bioimaging, we did confocal imaging of HEK293T cells
using C dot_HBF as a staining agent. A lesser concentration
of C dot_HBF was used for confocal imaging compared to the
FACS analysis to enable the identification of C dot_HBF as an
imaging tool with minimum damage to cell morphology.

Figure 3. Reducing property analysis of HBF, HB control, and
fructose control.
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HEK293T cells were stained with C dot_HBF and either Mito
Red or LysoTracker to investigate the colocalization of C
dot_HBF in either of the organelles. Figures 7 and 8 represent
the confocal images of HEK293T cells with Mito Red and
LysoTracker along with C dot_HBF, respectively.
Upon the excitation of cells labeled with C dot_HBF, with

the 4′,6-diamidino-2-phenylindole (DAPI) 405 nm filter, the
cells are seen to be exhibiting blue fluorescence confirming the
uptake of C dot_HBF by the cells (Figures 7B and 8B). The
colocalization study revealed that the C dot_HBF were present
all over the cytosol including the mitochrondia and lysosome
(Figures 7D and 8D). To check whether the fluorescence of C
dot_HBF has a probability of pH-dependent quenching in
lysosomes and subsequent decrease in signal, we incubated the
C dot_HBF in solutions of different pH and found that there is
only a slight decrease in AGE fluorescence at the extreme
conditions (data not shown). From the analysis of the
intensities using ImageJ, it was found that C dot_HBF are
colocalized in mitochondria and lysosomes with the ratios
∼30.5 ± 4.5 and ∼29.5 ± 5.5%, respectively. This indicates
that C dot_HBF do not show subcellular localization
specificity toward any of these two organelles. However, lesser
localization of C dot_HBF was obtained in the nucleus.
The striking similarities among the structure, fluorescence,

and photoluminescence properties and morphological features

of C dots and AGEs are interesting phenomena(Figure 1).
Although sugars and amino acids have been successfully used
as a source for the production of C dots using microwave-
assisted procedures, this is the first report of C dots synthesis at
physiological temperatures. C dots and AGEs are either two
coexisting chemical moieties produced as a result of glycation
or structures with chemical similarity. They get internalized
into HEK293T cells and induce morphological changes and
cytotoxicity in a concentration-dependent manner in vitro
(Figures 7 and 8). The fluorescence emission that is common
to AGEs and C dots at the comparable frequencies of the
electromagnetic spectrum enables the fluorescence imaging of
HEK293T cells in vitro when administered in nontoxic

Figure 4. Elemental and functional group analysis of HBF: (A) EDAX elemental analysis, (B) XPS survey spectra, (C) C 1s spectra, (D) O 1s
spectra, and (E) N 1s spectra of HBF.

Figure 5. In vitro cytotoxicity studies of C dot_HBF: MTT
cytotoxicity assay for C dot_HBF at increasing concentrations in
HEK293T cells.

Figure 6. FACS analysis: the FSC vs SSC plots for (A) untreated
HEK293T cells and (B−D) HEK293T cells treated with increasing
concentrations of C dot_HBF (C dot_HBF_1, C dot_HBF_2, and C
dot_HBF_3).
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concentrations. From the results presented here, either C dots
and AGEs are two distinct entities that happen to coexist in
glycated samples, or AGEs are actually the structural elements
constituting the C dots. This raises a serious health concern, as
the formation of AGEs and C dots is a physiological process
and the production is heightened in diabetic individuals. It is
well known that AGEs are a contributing factor toward the
clinical complexities in diabetic individuals and that accumu-
lation of AGEs is at times detrimental. Hence, the chemical
resemblance among C dots and AGEs is of high clinical
importance. C dots are found to be naturally formed in several
food products that are part of routine diet.26,60 Thus, C dots,
though expected to be relatively biocompatible, may lead to
hazardous complications in diabetic individuals where AGEs
are generated and accumulated in the body.

3. CONCLUSIONS
The study presented here demonstrates a high chemical
resemblance between C dots, the new-age quantum dots, and
AGEsthe products of nonenzymatic glycosylation. They
share similarities in their optical and chemical properties and
can be synthesized from unique carbon sources. Though our
study demonstrates striking similarities among AGEs and C
dots, further studies on the structure are required to confirm
this hypothesis, and it could have important implications in the
study of AGEs in the pathophysiology of diabetes and the
biocompatibility of C dots in general.
In conclusion, the synthetic approaches for the production

of carbon dots employ relatively higher temperatures, but for

the first time, we report the synthesis of carbon dots at 37 °C
using the protocol for in vitro nonenzymatic glycosylation.
Based on this evident resemblance among the physicochemical
properties of AGEs and C dots, we hypothesize that they either
are a mixture of two coexisting chemical entities or have a
common structural backbone. Future studies on the identi-
fication and characterization of AGEs and structural analysis of
carbon dots can resolve and shed light on the proposed
phenomenon.

4. MATERIALS AND METHODS
4.1. Materials. Hemoglobin A0 (HB) was purchased from

Sigma Aldrich India Pvt. Ltd. 3-(4,5-Dimethylthiazole-2-yl)-
2,5-diphenyl tetrazolium (MTT), Mito Red, LysoTracker,
potassium dihydrogen orthophosphate (KH2PO4), dipotassi-
um hydrogen orthophosphate (K2HPO4), fructose, sodium
dihydrogen orthophosphate (NaH2PO4), disodium hydrogen
orthophosphate (Na2HPO4), potassium ferricyanide
(K3[FeCN]6), trichloroacetic acid (TCA), hydrochloric acid
(HCl), ferric chloride (FeCl3), dimethyl sulfoxide (DMSO),
and other chemicals used were of analytical grade and used
without further purification. MilliQ ultra-pure water (>18
MΩ) was used for all the experiments.

4.2. Methods. 4.2.1. In Vitro Nonenzymatic Glycosyla-
tion. Hemoglobin and fructose were chosen as reactants for
nonenzymatic glycosylation. HB is one of the primary targets
for reducing sugars under hyperglycemia associated with
diabetes,43 and fructose is reported to have a greater glycation
reactivity in comparison to other reducing sugars.44 The
nonenzymatic glycosylation/glycation of HB was performed
under sterile conditions in a laminar air flow hood; all the
glasswares and plasticwares were autoclaved prior to use. Stock
solutions of HB and fructose were prepared in a 100 mM
potassium phosphate buffer (pH 7.4) and filter sterilized using
0.2 micron syringe filters. For glycation, 1 mg/mL HB was
incubated with 100 mM fructose in an incubator set at 37 °C.
Samples were taken after 10 days of incubation and stored at 4
°C until used. The formation of AGEs in the HBF samples was
confirmed using UV−visible absorption spectroscopy and
fluorescence emission spectroscopy. The controls for the
glycation experiment consisted of the physical mixture of
fructose and HB without incubation (HBC) and fructose alone
(F).

4.2.2. Spectroscopy. AGE formation was preliminarily
confirmed using UV−visible absorption spectroscopy and
fluorescence emission spectroscopy. For absorption spectros-
copy, HBF was diluted to a final concentration of 0.1 mg/mL
and was scanned from 200 to 700 nm in a quartz cuvette of 1
cm path length at a scan rate of 240 nm/s. The spectra were
recorded using a Perkin Elmer Lambda 25 UV−visible
spectrometer. For fluorescence emission spectroscopy, samples
were diluted to a final concentration of 0.1 mg/mL and excited
at 350 nm, and the excitation and emission slits were set to 5
nm. The spectra were recorded using an Agilent Technologies
Cary Eclipse fluorescence spectrophotometer in a 1 cm path
length quartz cuvette. The photoluminescence of HBF was
recorded by exciting at different wavelengths ranging from 300
to 400 nm. The samples were diluted to a concentration of 0.1
mg/mL, and spectra were recorded using the Agilent
Technologies Cary Eclipse fluorescence spectrophotometer.
All the dilutions for spectroscopy were done with the 10 mM
potassium phosphate buffer of pH 7.4 at room temperature,
and all the readings were taken in triplicate. All the

Figure 7. Confocal imaging of HEK293T cells with C dot_HBF and
Mito Red: confocal images of (A) unstained, (B) C dot_HBF treated,
(C) Mito Red treated, and (D) merged HEK293T cells.

Figure 8. Confocal imaging of HEK293T cells with C dot_HBF and
LysoTracker: confocal images of (A) unstained, (B) C dot_HBF
treated, (C) LysoTracker treated, and (D) merged HEK293T cells.
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spectroscopy measurements were performed in triplicate, and
consistent results were obtained.
4.2.3. Transmission Electron Microscopy (TEM). HBF was

directly viewed under an electron microscope for visualizing
the presence of any nanostructures of carbon postglycosyla-
tion. Copper-coated carbon grids were drop-casted with HBF
without further dilution and dried overnight at room
temperature prior to viewing under the microscope. The
analysis was performed using a transmission electron micro-
scope (TEM; JEOL 2100F) with an incident energy of 200
keV.
4.2.4. X-ray Diffraction Studies (XRD). The experiment was

performed using X-ray diffraction (PANalytical X’pert PRO)
with Cu Kα radiation (λ = 1.54 Å). Thin films of HBF were
prepared on clean glass slides by repeatedly drop-casting HBF
into an area of 1.5 × 1.5 cm at optimal concentrations. The
prepared slides were inserted into the XRD chamber, and the
patterns were observed.
4.2.5. Surface Properties and Functional Group Analysis.

4.2.5.1. Reducing Property Assay. A ferric ion reduction test
was done for HBF to evaluate the presence of reducing
functional groups using a method described by Gu et al.45 with
slight modifications. Briefly, 100 μL of HBF was allowed to
react with 1 mL of potassium ferricyanide (1%) in 1 mL of the
sodium phosphate buffer of pH 7.4. The reaction was carried
out for 20 min in a water bath set at 50 °C. The mixture was
then brought back to room temperature (RT) and mixed with
1 mL of trichloroacetic acid (10%). One milliliter from this
mixture was then diluted with 1 mL of MilliQ water and mixed
with 200 μL of ferric chloride (0.1%). Absorbance of the
resultant mixture at 700 nm was measured using the Perkin
Elmer Lambda 25 UV−visible spectrometer. The potassium
phosphate buffer (10 mM, pH 7.4) was used as a negative
control for the measurements. The values presented are the
calculated mean for three independent readings.
4.2.5.2. Energy Dispersive X-ray Spectroscopy (EDX).

Elemental analysis of HBF was performed using EDX to
confirm the presence of carbon (C), nitrogen (N), and Oxygen
(O). A thin film of HBF was prepared on clean glass surfaces
and analyzed using scanning electron microscopy coupled with
energy dispersive X-ray spectroscopy (Zeiss EVO40).
4.2.5.3. X-ray Photoelectron Spectroscopy (XPS). Func-

tional group analysis of HBF was done with photoelectron
microscopy using ESCA+ (Omicron Nanotechnology, Oxford
Instrument Germany) equipped with a monochromator
aluminum source (Al Kα radiation hv =1486.7 eV). The
instrument was operated at 15 kV and 20 mA. The pass energy
for the survey scan was 50 eV. For the analysis, thin films of the
sample were prepared on clean glass slides and dried overnight
before the measurement. The samples were then degassed
overnight in an XPS FEL chamber to minimize the air
contamination. The operating temperature of the chamber
during measurement was 24 °C. The processing of data and
deconvolution of C 1s, O 1s, and N 1s spectra were performed
using the GraphPad Prism (6) software.
4.2.6. In Vitro Studies. 4.2.6.1. Cell Cytotoxicity by MTT

Assay. HEK293T cells were treated with HBF to study any
possible toxic effects induced on the cells. Cytotoxicity was
determined using the 3-(4,5-dimethylthiazole-2-yl)-2,5-diphen-
yl tetrazolium (MTT) assay. An equal number of cells were
seeded into the wells of a 96-well plate; the cells were allowed
to grow for 24 h at 37 °C and then treated with HBF at
different concentrations. Before treatment, HBF was subjected

to gel filtration chromatography (Sephadex G25) to separate
the C dots from any remaining unreacted protein fractions.
After 24 h of the treatment, the cells were washed two to three
times with the autoclaved 10 mM potassium phosphate buffer
of pH 7.4 and then treated with the MTT solution (5 mg/mL)
in a 1:10 (v/v) ratio. The treated cells were then incubated at
37 °C for 2 h, and then equal amounts of dimethyl sulfoxide
(DMSO) were added into the wells to dissolve the formazan
crystals. The absorbance was recorded at 570 nm, and the cell
viability was calculated as follows. The values presented are the
calculated mean for three independent readings.

= *%Cell viability OD /OD 100570nm (treated) 690nm (control)

4.2.6.2. Fluorescence Activated Cell Sorting (FACS).
HEK293T cells were seeded at a density of 150,000 cells/
well in a 12-well tissue culture plate and allowed to grow in a
humidified CO2 incubator. After a growth period of 24 h, the
spent media were discarded and fresh media with HBF (300
μg/mL) were added carefully to each well. Three different
HBF samples were used that were nonenzymatically
glycosylated for 10, 30, and 60 days, respectively, which
showed increasing AGE fluorescence with respect to increased
incubation. C dot_HBF_1, C dot_HBF_2, and C dot_HBF_3
in Figure 6 represent 300 μg/mL of day 10, 30, and 60
incubated HBF samples with increasing concentrations of
AGEs. The AGE concentration in these samples expressed as
the relative fluorescence at 450 nm is 227 ± 29.304, 744.19 ±
36.828, and 844.47 ± 25.146 arbitrary fluorescence units
(AFU) per micromole of the protein. Cells were then allowed
to grow for another 24 h. The attached cells were washed with
phosphate-buffered saline (PBS) carefully and incubated at 37
°C for 5 min in 0.5 mL/well of the trypsin solution. Cells were
then collected in the 1.5 mL tubes and spun for 5 min at 3000
rpm. The trypsin supernatant was discarded, and the pellet was
resuspended in 300 μL of ice-cold PBS to obtain a single-cell
homogeneous suspension. This suspension was then trans-
ferred to FACS tubes and immediately loaded in a FACS
machine to record the data. All samples were kept on ice for
the entire period of running the samples. Thirty thousand
events were counted for each sample, and data were recorded
based on the forward (FSC) and side scatter (SSC) properties
of the cells. All the data were collected in triplicate, and the
image showed in the results is a representative FSC vs SSC
plot. The FlowJo software was used to process the data.

4.2.6.3. Confocal Imaging. Confocal imaging was done to
study the uptake of HBF into the cells, employing their
fluorescence properties, using an Olympus FluoView FV1000
laser confocal microscope. ″MitoRed″, a mitochondrial
staining dye, and LysoTracker, a lysosome staining dye, were
used as contrast agents for the confocal experiments. In short,
HEK293T cells were seeded onto activated and sterilized
coverslips placed in a six-well plate at a seeding density of
15,000 cells per coverslip. The cells were allowed to attach and
grow for 24 h, after which the cells were treated with HBF
(200 μg/mL). The treatment was done for about 24 h. Post 24
h of treatment, the cells were thoroughly washed with 10 mM
phosphate buffer (pH 7.4). The cells were then stained with
the contrast dyes, i.e., either mitoRed (100 nM in complete
DMEM) or LysoTracker (50 nM in complete DMEM). After
staining, the excess dye was washed off, and the cells on the
coverslips were mounted onto a clean glass slide by placing a
drop of 50% glycerol. The ends of the coverslip were sealed
properly, and the slides were viewed under the microscope
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within 1 h of preparation. The excitation wavelengths were
405, 569, and 633 nm for visualizing C dot_HBF,
mitochondria, and lysosome, respectively. The imaging studies
were done in triplicate, and the results were consistent across
independent imaging studies. The acquired images were also
analyzed by ImageJ to quantify the colocalization of C
dot_HBF in mitochondria or lysosomes. The colocalization
ratio was calculated as the ratio of C dot_HBF visualized in an
organelle to the total C dot_HBF present in the field of the
image. To improve signals and relative quantification, thresh-
olding was done for the blue and red emissions obtained from
the C dot_HBF fluorescence and the fluorescence staining was
performed by lysosome and mitochondria specific dyes. All the
intensities found above the threshold were normalized.
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