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Design of Catechin-based Carbon Nanodots as Facile Staining Agents of Tumor Cells
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Abstract: Carbon nanodots (CNDs) have widely received great attention as a result of
favorable optical, electrical, optoelectrical, biocompatible, and non-toxic properties that
these nanoparticles possess. However, the exploration of nanoparticles from natural raw
material is still limited. In the present work, carbon dots were produced from catechin
isolated from Uncaria gambir through a simple and facile process. Carbon nanodots were
produced by the pyrolysis process of catechin, which allowed it for carbonization. Owing
to its unique properties, such as photoluminescence with an emission peak at 500 nm (A, =
380 nm), average size diameter of about 5 nm and non-toxic properties, Cat-CNDs were
incredibly potential for staining targeted tumor cells. The staining ability shown by
confocal microscopy observations showed their green fluorescence images which meant
that the CNDs easily penetrated HeLa cells via endocytosis. The resulting CNDs which
were analyzed using several significant techniques proved that the prepared Cat-CNDs
were tremendously dispersible and water-soluble, had good colloidal stability, excellent

biocompatibility, favorable hydrophilicity, high photostability, and were non-toxic.
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= INTRODUCTION

Gambir is one of the most important economical
natural products in which Indonesia is the world’s largest
exporter, currently supplying 80% of the global market
[1]. Moreover, it is a well-known and cost-effective plant,
and considered as a promising medicinal plant that is
found in Southeast Asian regions such as in West
Sumatera of Indonesia and in the Peninsula of Malaysia.
The family of the genus Uncaria is Rubiaceae, containing
approximately 34 species, which abundantly grow in
tropical regions of Southeast Asia, Africa, and South
America [2-5]. The hooks of Uncaria gambir are
conventionally prepared for the treatment of wounds,
ulcers, fever, asthma, rheumatism, hyperpyrexia,
hypertension, headaches, gastrointestinal illness, and
[6-9].

polyphenolic compound, can be isolated from Uncaria

bacterial or fungal infections Catechin, a

gambir as a particular compound [10-11]. There have
been reports on the pharmacological uses of catechin to

enhance mental and behavioral symptoms of dementia
that includes dementia with Lewy bodies, aggressiveness
in patients with Alzheimers, agitation, hallucinations,
and other forms of senile dementia [12-13].

In 2004, carbon dots (CDs) were accidentally
discovered during the separation and purification of the
single-walled carbon nanotubes and became a
potentially new component of fluorescent carbon
material with a diameter in the range of below 10 nm.
Subsequently, many studies regarding the nature of CDs
have been developing at a great rate [14]. Consequently,
there are currently many exploratory methods for the
potent fabrication of fluorescent CNDs, such as
electrochemical oxidation, chemical oxidation, arc-
pyrolysis
hydrothermal method, and solvothermal method, which

discharge, method, laser ablation,
can simply be classified into top-down and bottom-up
approaches [15]. However, in contrast with heavy-

metal-based quantum dots, carbon nanoparticles are
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considered more reliable, exhibiting great advantages
such as low toxicity, good water dispersibility, favorable
biocompatibility, and excellent photostability especially
for several clinical applications [16-17]. Furthermore,
carbon nanodots derived from natural products have
received great reputation due to particular merits such as
photostability, excellent biocompatibility, optoelectrical
properties, additional luminescence, and non-toxic
nature. In addition, specific hydrophobic sites on CDs
allow the improvement of diagnostics and therapy in
clinical applications [18-19].

Recently, a great deal of attention have been
particularly given to the production of carbon dots
(CDs/CNDs) derived from natural products since they
have a large number of advantages such as being
renewable and sustainable and also other advantages that
have already been mentioned above, [20]. Furthermore,
heteroatoms from natural products promote heteroatom-
doped nanocarbon dots without the addition of any
external heteroatom sources. There are many ways to
synthesize carbon nanodots from natural products that
are incredibly green and simple compared to
conventional preparation methods of carbon quantum
dots from artificial carbon sources [21]. There are many
literature and reports of green carbon nanodots
synthesized from organic products such as from plant
extracts, fruits, leaves, fruit shells and peels, algae, and
fruit juice for many applications. In contrast with past
applications, carbon nanodots are currently considered to
be applied in photothermal treatment, drug delivery
systems, photoacoustic imaging, fluorescence imaging,
sensing, and magnetic resonance imaging, and is
recognized to be a beneficial eco-friendly alternative to
semiconductor quantum dots [22]. Yallapa et al. reported
that carbon nanodots with porous particles can be
synthesized from OPL (Oil Palm Leaves) which contained
several important organic products such as cellulose,
lignin, and hemicelluloses. Those CNDs were conjugated
with fluorescent dye for cellular imaging and targeted
drug delivery to cancer cells [23]. Carbon nanodots
synthesized from molecules or compounds with rigid and
graphene-like structures showed strong fluorescence

likely due to the presence of aromatic rings and hydroxyl
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groups, in which the aromatic rings were able to form
co-planar structures and causing the hydroxyl group to
become dehydrated and introduce oxygen defects [24].
As a promising cost-effective alternative, CNDs have
recently been considered as a new quantum dot
candidate. In addition, carbon nanodots synthesized
from aromatic rings and abundant hydroxyl groups also
of better stable
photoluminescence, good solubility, and low toxicity,

have benefits surface grafting,
and thus making them promising materials [25-27].
There are several commonly used treatment
methods for cancer such as chemotherapy, radiation,
surgery, targeted treatments, and immunotherapy that
are applied separately or in combination [28]. However,
these treatment methods might bring about various side
effects [29]. On the other hand, drug nanocarriers were
reported to have improved cancer treatment efficacy and
diminish side effects of the conventional methods [30-
31]. Several studies have reported the application of
CNDs on cancer treatment [32-34]. In the present study,
we synthesized potential carbon nanodots (CNDs) from
catechin as a natural product isolated from Uncaria
gambir. The as-prepared nanoparticles (Cat-CNDs)
product
biofunctions and can potentially be applied for staining

from the organic catechin has great
specific tumor cells. The optimization of the synthesized
Cat-CNDs was performed by characterizations of
optical properties, spectroscopic properties, and
bioassay tests using different analytical techniques.
According to its unique properties discovered from the
performed analysis, Cat-CNDs are highly expected to
contribute to improving the method of cancer
theranostics to a great extent. Furthermore, the
synthesized Cat-CNDs are considered to be more
biocompatible, have high cell uptake when diagnosing
cancer cells, and great cell viability for staining specific

tumor cells.
m EXPERIMENTAL SECTION
Materials

The dried blocks of Uncaria gambir were collected
from a commercial market in Surabaya, Indonesia. Some
of the chemicals such as hydrochloric acid (97%, HCI),
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sodium chloride (55.5%, NaCl), ethanol (99.9%), sodium
hydroxide (98.5%, NaOH), and ethyl acetate (99.8%, EA)
were purchased from Sigma-Aldrich, USA. The WST-8
reagent of [monosodium (2-(2-methoxy-4-nitrophenyl)-
3-(4-nitrophenyl)-5-(2, 4-disulfophenyl) 2H-tetrazolium)]
was bought from TCl, Japan. Phosphate-buffered saline
(PBS) was from UniRegion, Biotech, Taiwan. All reagents
were of analytical grade and used as received without any
further purification.

Procedure

Isolation of catechin

The dried blocks of Uncaria gambir (350 g) were
ground into fine powders using a mortar and pestle. To
attain the uniform-sized raw powders, sieving was
performed at 62 pm using a laboratory sieve. The fine
powders were then collected for further work. The fine
powders (300 g) were extracted with methanol for 24 h
and then it was further extracted three more times. The
methanol extract was then evaporated in order to obtain
methanol crude extract. The methanol crude extract was
then partitioned three times with n-hexane. After that, the
methanol liquid extract was partitioned again three times
with ethyl acetate in order to get the ethyl acetate crude
extract. The ethyl acetate extract (12 g) was taken and
separated by silica gel column chromatography with a
gradient of n-hexane in EA (50:50, 40:60, 30:70, 20:80,
10:90, 0:100). The purified catechin (7 g) was isolated
from solvent ratios of n-hexane: EA (2:8) and the structure
was further confirmed by spectroscopic techniques.

Synthesis of carbon nanodots (CNDs)

The Cat-CNDs were derived from the isolated pure
catechin through a single-step method of pyrolysis
following a previous report [35]. Experimentally, 50 mg of
the purified catechin was powdered and placed on the
isolated reactor to avoid air flow, then pyrolyzed at 250 °C
for 4 h in a furnace for the carbonization process. The
resulting Cat-CNDs were dissolved in 1 M NaOH at 60 °C,
subjected to dialysis process (MWCO 10.000 kDa) and
collected by centrifugation (12.000 rpm, 2 h) for further use.

Cell culture
To culture human cervical (HeLa) tumor cells,
Eagle's minimum essential medium (EMEM, containing
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1.5 g L' sodium bicarbonate) was used, which was
added for cell medium with the respective content of 1%
of antibiotic-antimycotic formulation, 1% of non-
essential amino acid, 1% of l-glutamine, 1% of sodium
pyruvate, and 10% of fetal bovine serum. The cells
treated were then put safely in a humidified incubator
with 5% of CO, which was maintained at 37 °C.

Confocal imaging observation

For the exploration of the potential bioimaging
and cellular distribution of Cat-CNDs, HeLa cells were
implanted at a density of 5 x 104 cell mL™" in 1 mL
EMEM medium in 24-well plates. Hence, a newly
medium containing varied and different concentrations
of Cat-CNDs was attached to the corresponding dishes
and was incubated for 1 h. Afterwards, the medium was
washed twice with PBS and fixed with ethanol. Then, the
samples were captured by using a laser scanning confocal
microscopy (CLSM). CLSM images were obtained by
irradiating the samples with inline Ar (488 nm) and He-
Ne (503-680 nm and 588 nm) lasers.

Cytotoxicity assessment

The assessment of cell viability was evaluated using
a WST-8 assay in HeLa tumor cells. HeLa cells, which
were cultured in EMEM, were cultured in 24-well plates
(15.000 cells per well) for 24 h. After rinsing with PBS to
wash the proliferated cells and the cells were incubated
with an adjusted concentration of Cat-CNDs for 24 h.
After rinsing the plate twice with PBS, WST-8 reagent
(1 mL, 500 mg mL™") was supplemented and incubated
for 4 h. Afterwards, dimethyl sulfoxide (1 mL) was added
to each well to dissolve formazan crystals, and the
crystals” absorbance was determined at 570 nm using an
Elisa reader (Biotech Powerwave XS). The greater the
absorbance intensity, the more the number of live cells
because more formazan was being absorbed.

A570in treated cell
A570in control sample

x100%

Cell viability=

Characterization

The Nuclear Magnetic Resonance spectroscopy
(NMR), Brucker Ultra shield Advance II 600 MHz was
used to characterize the isolated catechin compound.
Related spectroscopy methods of nuclear magnetic
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resonance (NMR) such as heteronuclear single quantum
coherence spectroscopy (HSQC) and heteronuclear
multiple-bond coherence spectroscopy (HMBC) was also
applied. Atomic force microscopic photographs were
achieved using a scanning probe AFM5500M instrument
(Hitachi Co., Japan) at ambient temperature. UV-Vis
absorption spectra were determined using a JASCO V-670
spectrometer. By using a Rigaku 18 kW rotating anode
source X-ray diffractometer with Cu Kal line radiation (A
=1.54 A), Powder X-ray diffraction (XRD) diagrams were
PerkinElmer LS 55
spectrofluorometer equipped with a 20 kW xenon lamp,

analyzed. By using a
PL spectra were measured. Fourier transforms infrared
(FTIR) spectra were observed with a Nicolet AVATAR
360 FTIR instrument. Raman analysis was performed
using an MRS-320 Raman Instrument system (Horiba
Ltd., Japan). Colloidal stability tests were performed in
different pH (3-12), different temperatures (30-100 °C),
and different concentrations of NaCl salts (0-0.5 M). All
analyses were conducted at room temperature.

Statistical analysis

The statistical study, performed by determining the
cytotoxic concentration that causes a 50% decrease in cell
viability (ICs), was conducted using dose-response mode
on the nonlinear fitting curve in Origin software (version
8.0724, Origin Lab Inc., Northampton, MA). Means were
calculated using a paired-sample t-test, and all presented
data were achieved in triplicates.

m RESULTS AND DISCUSSION
Extraction, Isolation, and Elucidation of Catechin

By the extraction process, the white crystals of
catechin (7 g) were obtained. High purity of this
compound was determined by performing a single spot
analysis at R = 0.39 (eluent; Ethyl acetate:n-hexane = 8:2)
and also determining its melting point at 125-126 °C.
NMR analysis was conducted to confirm the catechin
chemical structure (Fig. S1, supporting information). The
analysis of the '"H-NMR indicated the presence of nine
protons (Fig. S1) with aromatic protons that indicated
chemical shifts at 5.88-6.90 ppm. Besides that, non-
aromatic cyclic protons exhibited chemical shifts at 4.06-
4.56 ppm. The signal that appeared at 2.53-2.98 ppm

1335

corresponded to the secondary protons of methylene
(-CHa-). The aromatic protons appeared at oy 6.02 ppm
(He, d, J = 2.3 Hz), &1 5.88 ppm (Hs, dd, J = 2.3 Hz), dH
6.90 ppm (Hz, d, ] =2.1Hz), 81 6.8 ppm (Hs, d, ] = 6 Hz),
and 6y 6.76 ppm (He, dd, ] = 6 Hz, and ] = 2.1 Hz).
According to the three coupling constant values, the Hg,
Hs, and Hy protons formed an ABX system on ring B,
whereas Hg was at meta position to Hs on ring A. The
non-aromatic cyclic protons appeared as a doublet at du
4.56 ppm (H,, d) and multiplet at 6y 4.06 ppm (Hs, m).
The last proton chemical shifts at 6u 2.53 ppm (Ha., dd)
and &u 2.98 (Hu, dd) were given by the secondary
protons of methylene (-CH,-).

The "C-NMR showed 15 signals which showed the
number of carbons in the structure of the isolated pure
catechin compound as demonstrated in Fig. S2. Through
the DEPT 135 spectrum, it could be seen that the isolated
compound included seven- tertiary carbons (8¢, 68.30;
82.68; 95.38; 96.10; 115.19; 115.64 and 119.99 ppm),
seven-quaternary carbons (8¢, 100.60; 132.13; 145.60;
145.70;156.85; 157.70 and 157.17 ppm), and one-
secondary carbon (3¢ 28.80).

The information about the correlation between
directly-bonded 'H on C was obtained by the HMQC
spectrum. Table 1 is the result of HMQC spectrum
analysis. Moreover, the '"H-'H correlated spectroscopy
(COSY) was used to analyze the correlation between
proton and another proton in adjacent carbon. The
correlation spectrum of 'H-'H COSY of isolated
catechin compound was indicated in Fig. 1(a) and 1(b)
as supplementary materials.

Moreover, the HMBC spectrum showed the
presence of long-range correlations between protons
and carbons that could be seen in Fig. 2(a) and 2(b) as
supplementary material.

The spectrum data was made in contrast with the
similar catechin compound which was isolated and
identified from Acacia catechu Willdenow, reported by
Acharya [36].

Synthesis and Characterization of Cat-CNDs

Pure catechin was used as raw materials to produce
Cat-CNDs. The cyclohexane and benzene structure
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owned by catechin was a basic reason for choosing this
organic compound. By giving a thermal treatment at
250 °C, catechin will go through both dehydration and
carbonization resulting in graphene like the structure of
carbon dots as shown on Scheme 1. Thus, the preparation
of Cat-CNDs was highlighted through a one-pot step
method of pyrolysis.

To obtain solution form, the fabricated Cat-CNDs
can be dissolved in polar solvents. The morphology of
synthesized Cat-CNDs was firstly identified by the atomic
force microscopy. The Cat-CNDs exhibited uniformly
dispersible materials without any apparent aggregation. The
diameter of Cat-CNDs supported its sizes between 2 and
5 nm (Fig. 3). The analysis of Cat-CNDs by AFM (Atomic
Force Microscopy) is to assess the morphology,
topography, and size distribution of the as-prepared CNDs.
Fig. 3 also shows the characteristic AFM photographs of the
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Dlamatar frim)

Fig 3. AFM photographs of Cat-CNDs on diagonal (a); vertical (b); top views (c); and its histogram (d)

as-synthesized CNDs solution. The height profile
indicated that even though some particles had a size
diameter of about 100 nm, the average size of these
nanoparticles were about 5 nm supported by the
histogram of the Cat-CNDs interpreted by the Image ]
software (Fig. 3(c)). Furthermore, it was revealed that the
Cat-CNDs were well dispersed in the appropriate solvent
and appeared in the spherical shape. The diameter of the
CNDs was included in its size range which has been
widely developed, which measures less than 10 nm in size
[37].

Crystal characterization of the synthesized Cat-
CNDs was investigated by XRD (Fig. 4). Its crystallinity
was confirmed by a definite peak observed in the range of
the shoulder diffractogram between 5 and 30°, confirming
the peak of graphite carbon structure (based on crystal
database JCPDS 74-2328). The XRD data also
demonstrated interlayer spacing of Cat-CNDs on (003)
plane at 11.15A. The pyrolyzed CNDs performed weak
XRD intensity, indicating nano-sized materials that
matched with the supporting literature on nanostructure
graphitic nature [38-39]. The average size of the

crystalline CNDs with a 26 position of 15.88 (FWHM =
7.2804°) was calculated to be 0.2 nm according to the
Scherrer’s equation.

Further observation focused on photo-physical
properties of the CNDs that was acquired by using UV-
Vis spectroscopy (Fig. 5(a)). The spectrum of pure
catechin solution showed two absorption peaks that were

Intensity (a.u.)

JCPDS 74-2328
I | .
L) hd L] b L]
60
208 (deg)

Fig 4. XRD pattern of Cat-CNDs
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found at wavelengths of 267 and 318 nm corresponding
to m-m* transitions of the aromatic ring. After the
pyrolysis process, the synthesized Cat-CNDs possessed a
nearly similar absorption spectrum to catechin.
Furthermore, it was noticeable that two absorption peaks
of Cat-CNDs appeared at around 267 nm, which was
assigned to m-m*, and 500 nm (blue shift emission)
the

aromatic rings within the catechin compound. The

influencing electrostatic interactions between
optical analysis of the as-prepared CNDs compared with
bare catechin was further investigated (Fig. 5(b)). The
data showed a strong fluorescent intensity presented as a
broad peak (PL) at 500 nm, whereas pure catechin
solution relatively exhibited a very weak fluorescent
intensity centered at around 480 nm when both of the
samples were exposed with excited wavelength at 380 nm
(supported by the photograph in Fig. 5(b)). The

photograph figures also show that Cat-CNDs had good
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solubility in water and hence having stronger
fluorescence. For this reason, it was favorable for this
material to be used as a staining agent for targeting
tumor cells. Furthermore, it was noticed that the Cat-
CNDs held excitation-dependent fluorescence on the
complexity of the excited states of the CNDs, affecting
the bandgap on the surface state of the carbon nanodots
material [40].

Fig. 5(c) shows the Raman peak detected at
1590 cm™ referring to a typical G band to the graphene
(sp®), due to the action of a double degenerated photo
mode integrated with the symmetric E,; in graphitic
nature and the vibrations of the sp® were determined by
the bonded carbon atoms in the two-dimension system
of a hexagonal lattice [23]. The Raman data in Fig. 5(c)
also show a peak at 1335 cm™ described as the D band
due to the disorder-induced nature in graphite of the sp’
hybridization among carbon atoms which was inferred
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Fig 5. UV-Vis spectra of catechin (green solid line) and Cat-CNDs (red solid line) (a). PL spectra of catechin (blue
solid line) and Cat-CNDs (red solid line). Inset: photographs of catechin and Cat-CNDs solutions under visible light
and UV light (b). Raman spectra of Cat-CNDs (c). FTIR spectra of Cat-CNDs (red solid line) compared with bare

Catechin (green solid line) (d)
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to the A;; mode [23]. These two bands are common bands
of graphene or graphene oxide structure thus confirming
the formation of a graphene oxide-like structure on the
prepared Cat-CNDs. The calculation of the different
intensity ratio of the D to G bands (Ip/Ig) resulted the
value of 0.84, indicating the purity of graphitic formation.
The CNDs sample with amorphous nature had a high
ID/IG ratio whereas the CNDs sample with a high degree
of graphitization was indicated by a relatively lower Ip/Ig
ratio [41]. This means that the lower the intensity ratio of
In/Ic,
dominated. Therefore, the Raman spectrum confirmed a

the more purified graphitic crystals were
high purity of crystalline graphite in the carbon nanodots
obtained from catechin.

As shown in Fig. 5(d), the functional groups of the
Cat-CNDs were systemically analyzed with infra-red
spectroscopy and compared with bare catechin.

For the catechin compound, a strong peak showed
the stretching frequency of O-H bands at 3319 cm™, while
C-H stretching of sp* hybridization was found at
2930 cm™', and C-H asymmetric and symmetric
stretching vibrations of methane (-CH,-) at 2871 and
2835 cm™!, respectively. Furthermore, the bands between
1624 and 1525 cm™ corresponded to the C=C stretching
of the aromatic ring, while C-O/C-O-C stretching
vibrations were found at 1285 cm™ (symmetric band) and
1139 cm™ (symmetric band), and C-H bending of CH,
(out of plane) was found at 813 cm™ [41]. In contrast the
spectra for Cat-CNDs showed a broad peak at 3280 cm™
that was attributed to the stretching vibration of a small
number of residual hydroxyl groups that remained even
after dehydrogenation, while the peak at 2926 cm™
corresponded to C-H stretching vibration and aromatic
ring stretching of the C=C vibration appeared at 1602,
1503, and 1450 cm™. The C-O-C stretching vibration was
observed at 1280 cm™’, and the broad peak at 810 cm™ was
attributed to the C=C-H out-of-plane bending. The
synthesized carbon dots showed favorable hydrophilicity
and good dispersion in water due to the polar functional
groups on the surface site.

Stability Evaluation of Cat-CNDs

The colloidal stability analysis was carried out to

Indones. I. Chem., 2020, 20 (6), 1332 - 1346

assure the stability of Cat-CNDs. The stability of
nanoparticles in aqueous solutions is vital for both
biomedical and clinical uses. The first observation to
study the pH effect on the CNDs, as shown in Fig. 6. The
result showed that Cat-CNDs solution at pH 5 to 11
showed good stability up to 24 h after pH adjustment.
However, Cat-CNDs at pH 3 and 4 showed precipitated
particulates for the first 6 h. The change in appearance
of the Cat-CNDs was observed at pH 12, where its color
became bright brown. These conditions were likely due
to the destruction of Cat-CNDs in extreme conditions.
At low pH, the hydroxyl-abundant environment most
likely caused the increase of hydrogen bonding of the
CNDs [43], whereas structural destruction occurred
when the CNDs were treated in high pH resulting in the
color change. These findings were supported by UV-Vis
spectra analysis (Fig. 6(b)), where m*-m excitation of
CNDs at wavelength below 300 nm was disrupted by its
electrostatic effect.

E - ——
taf}H 3  —— 12 { |:EH 3 12
C d
- e
20 (e)
B — pH3

Absorbance {a.u.)
P

[=]
in

00
250 300 350 400 450 500
Wavenumber (nm)

Fig 6. Photograph images of Cat-CNDs from pH 3 to pH
12at(a) O h, (b) 6 h, (c) 12 h, and (d) 24 h. (e¢) The UV-
Vis Spectra of Cat-CNDs from pH 3 to pH 12

550 600
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The stability of CNDs was then observed against
varied thermal treatment (30-100 °C). As a result, in Fig.
7(a), there were no coagulation and color change, while
UV-Vis spectroscopy analysis revealed that all of the
varied CNDs resulted similar absorption spectra. The
synthesis of Cat-CNDs that reached up to 270 °C produced
good thermal stability of this material and fulfilled the
thermal stability requirement for materials that can be
applied for the human body.

Further assessment was focused on Cat-CNDs
stability on varied ionic strength by NaCl addition. This
part was considered necessary due to the blood circulation
in the human body that is affected by salt concentration.
Thus, the effect of ionic strength on prepared Cat-CNDs
was a crucial factor for further clinical applications. As
shown in Fig. 8(a), the CNDs mixed with varying
concentrations of NaCl salts (from 0.1 to 0.5 M) show
similar conditions with the untreated Cat-CNDs, showing
no coagulated solids even until 24 h.

(a)
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Fig 7. Photograph of Cat-CNDs on varied temperature
assessment at 30, 40, 50, 60, 70, 80, 90, and 100 °C (a), The
UV-Vis spectra of Cat-CNDs at varied temperatures
treatment after 24 h (b)

1341

This data is supported by the UV-Vis spectra (Fig.
8(e)), where the maximum wavelengths of the treated
CNDs were similar to the untreated Cat-CNDs.
Therefore, all these stability investigations prove the
potential of this material for bio-applications and other
fields of commercial purpose.

Confocal Observation

The fluorescence properties possessed by Cat-
CNDs were the main factor to consider applying this
material for tumor cell staining. Laser confocal scanning
microscopy (LCSM) was used to improve the fluorescent
properties as well as the cellular uptake and
internalization of Cat-CNDs on the HeLa tumor cell.
After 4 h of addition and incubation of Cat-CNDs onto
HeLa (Fig. 9), its green emission was detected and

localized in the cytoplasm of Hela tumor cells. This finding

{a) (b)
0 01 02 03 04 05M 0 01 02 03 04 0O5M
(c) (d)
0 01 02 03 04 05M ¢ 01 02 03 04 05M
(e) 20 -

Absorbance (a.u.)

Ll
pii] 300 350 400 450 50D FRD 800
Wavenumber (nm)

Fig 8. Photograph images of Cat-CNDs on varied NaCl
concentration at 0 h (a), 6 h (b), 12 h (c), and 24 h (d).
The UV-Vis spectra of Cat-CNDs at varied concentrations
of NaCl after 24 h (e)
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indicates that CNDs were successfully taken up by the cells.

The facile internalization of CNDs on the tumor cell
was considered based on the basic properties of the
catechin compound that possess high affinities to a variety
of proteins expressed on the cell membrane by massive
hydrogen bonding [44-45]. Further reports also stated that
the insertion of catechin was founded by an association of
membrane plasma by lipid rafts [46]. We speculate to that
those reasons made the Cat-CNDs significantly appear on
the cytoplasm. To ensure the position of Cat-CNDs on the
cytoplasm, the Z stacking mode of CLSM was used (Fig.
10), where higher emission of the cell was found in the

Bright field

Cat-CHD= Emiszion

Indones. I. Chem., 2020, 20 (6), 1332 - 1346

middle position. Therefore, these findings proved the
potential and biocompatibility of Cat-CNDs while
staining on a specific tumor cell and showed similar
results with a previous report [46].

Cytotoxicity Test with CCK-8 Assay

Several studies have reported the anticancer

potential of catechin derivatives, including the
cytotoxicity of catechin when it is modified to
nanoparticle form, which is an important aspect to verify
its biocompatibility in biomedical and pharmaceutical

applications. The cytotoxicity evaluation is conducted by

Werged Image

Fig 9. CLSM images of HeLa tumor cell after 4 h incubation with Cat-CNDs

Ic)

Fig 10. CLSM images of HeLa cells through z-stacking mode after 4 h treated with Cat-CNDs (a-i) Hela cells images

captured by excitation at 488 nm
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Fig 11. Cell viability assessed byWST-8 assay of Hela Cells
after 24 h of treatment with Cat-CNDs. WST-8 data is
shown as means £ SD withn =3

3 3 23 20 100

incubating the adjusted concentration of Cat-CNDs on
Hela cells via WST-8 assay (Fig. 11). After being
incubated for 24 h, the cell viability results showed that
the cell had a high viability percentage of over 80% in
concentrations of up to 400 ug mL™" and ICs, of about
1815 pug mL™". This strongly indicated that Cat-CNDs
have very low toxicity. Previous reports show that
synthesized carbon nanodots are classified into non-toxic
and low toxic categories if the percentage of cell viability
is between 50.0-80.0% [47-48].

m CONCLUSION

Catechin was successfully isolated from Uncaria
gambir as raw material for the synthesis of Cat-CNDs
through a single-step pyrolysis method and was later used
for staining specific tumor cells. The resulting Cat-CNDs
possess excellent optical properties. The average size of
the Cat-CNDs was found to be below 5 nm with near-
spherical shape and was crystalline in nature, which was
confirmed by the analysis of the physicochemical
properties. Moreover, the Cat-CNDs could be easily
internalized into the tested Hela cancer cells and
demonstrated excellent biocompatibility without any
obvious toxicity. Due to their good biocompatibility, non-
toxicity, strong photoluminescence, and eco-friendliness;
this work strongly suggested that the as-synthesized Cat-
CNDs have much potential to be applied for various
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biomedical applications specifically in targeted staining
of specific tumor cells.
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