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Abstract

Recent investigations were shifted this trend toward exploring the biomedical applicability of CDs,
relevant to chronic diseases. Herein, a systematic approach is demonstrated for studying tuning of
optical character and biological performance for different surface passivated CDs. Alginate and pectin
were successfully clustered oxygen-surface passivated CDs, while, chitin was used to nucleate nitrogen-
surface passivated CDs. Pectin-treated with base (4.1 + 1.8 nm) and chitin-treated acid (3.5 £ 1.7 nm)
were ingrained the smallest O-surface passivated CDs and N-surface passivated CDs, respectively.
However, N-surface passivated CDs were shown with the highest optical activity. CDs colloids prepared
from alginate, pectin & chitin, resulted in reduction of tumor cell viability percentage to be 80.8%, 74.0% &
69.0% respectively. O-surface passivated CDs nucleated from alginate showed the highest anti-
proliferative effects. Moreover, O-surface passivated CDs (from alginate) showed the supremacy in
inhibition of inflammation, while, increasing of its concentration ten times resulted in significant
increment in inhibition percent to be 28% & 42%, using 1 pg/mL & 10 pg/mL, respectively. So, O-surface
passivated CDs (from alginate) can be applied as concurrent anti-inflammatory/antitumor drug, so as a
potential therapeutic for treatment of inflammation, in production of vaccines, immune-therapeutics, and
immune-suppressive drugs.

Introduction

Carbon Dots (CDs) were interestingly investigated as a new category of carbon-based nanomaterials [1],
with particle size 1-10 nm, whereas, graphene nano-sheets exhibited with a plane size smaller than 100
nm were identified as graphene quantum dots (GQDs) [2]. CDs were firstly produced in 2004 within
purifying single-walled carbon nanotubes [3]. Xu et al. are known as the first researchers who were firstly
succeeded in the nucleation of CDs as a new family of nano-carbon based structures with superior
optical performance [4, 5].

Consequently, the investigation of various synthesis techniques for clustering of CDs was an intensive
researching purpose, attributing to their wide-scaled applications in extraordinary purposes such as in
manufacturing of photovoltaic device, optoelectronic, bio-sensors, photocatalysts and drug delivery
supporters [1-3, 6]. Compared to the conventional semiconducting quantum dots, CDs could be identified
as biocompatible, chemically inert, non-toxic, with low cost, and exhibit superior optical performance [7].
CDs are known in terms of a surface-decorated carbonic core, whereas, CDs are quasi-circular carbon
nanostructured objects, inbuilt of amorphous or nanocrystalline center with graphitic carbon (Sp? hybrid
carbon) or mixed graphene and graphene-oxide sheets in a diamond-like Sp® hybridized carbons [1, 6, 7].
Simultaneously, CDs could be surface passivated with heteroatoms containing moieties, in order to
enhance the degree of solubility in different aqueous solutions and to improve their potentiality for
additional functionalization. So, by referring to the as-mentioned superior composition and characters,
CDs are advantageous with tunable photoluminescence (PL), distinctive photo-induced electron
transferring, capability for absorption of photovoltaic light, and infrared-responsive up-converted
photoluminescence [1, 6, 7].
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Sun et al, were firstly reported that CDs could be also identified as carbon nanosized photoluminescent
structures [8], as they mentioned that; the recombination of excitons from the surface energy traps under
irradiation that is affected with the surface passivation, reflects in the emission, and is known as the
main reason for the superior optical character of CDs. Another research [9] identified CDs as a carbon
core with a surface-decorating functional groups on the edge that composed from hybridizing the
chemical groups, whereas, the decorated surface is known as photo-luminescent synergistic center of
CDs. It was reported that, composition CDs with heteroatoms (such as O, N or S) in the main skeleton
results in exhibition of CDs with tunable conduction/valence band position, with conferring unexpected
function and application. Doping of nitrogen, metallic elements (e.g., Si, B, S, B Mn, Mg, Cu, Zn, Tb, and
Ru) within CDs matrix, was found to enhance the quantum yield of CDs, controlling the emission, for new
functionality or applicability [10-13].

Nitrogen-based CDs were successfully nucleated from citric acid/urea and exhibited with blue and green
emission via controlling the mass ratio of the nucleators [10, 12-15]. Interchanging the molar ratio of urea
and sodium citrate from 3:1 to 6:1, 9:1, and 12:1, was shown to enhance the generation of CDs with
emission bands at 450, 467, 536, and 526 nm, respectively [13]. Shamsipur et al. [11], were also
succeeded in clustering of CDs (large in size) from amino acids as nitrogen containing nucleators. The
composition of larger Sp? conjugation for carbons in the cores of the nucleated CDs leaded to emit at
longer wavelength (yellow color). Whereas, the smallest sized CDs was observed with blue emission.
Additionally, CDs with high nitrogen content could be successfully nucleated from aromatic amino acids
to be exhibited with green emission [11].

Obeying green chemistry aspects, it is an interesting challenge to nucleate CDs that are exhibiting with
both of anticancer and anti-inflammatory performance from biopolymers through the hydrothermal
synthetic technique, to be applicable as anti-inflammatory and antitumor reagents. In recent decades,
numerous reports were extensively considered with studying the biological performance and optical
activities of carbon dots (CDs). Recent investigations were shifted this trend toward exploring the
biomedical applicability of CDs, relevant to chronic diseases. Urgent requirement for medication from
hazards human inflammation and cancer diseases are extensively considered, while, recent approaches
were concerned with studying easily synthesized CDs as successfully effective therapeutics. Herein, a
systematic approach is demonstrated for studying the tunability of optical character and biological
performance for different surface passivated CDs, whereas, three different polysaccharides (alginate,
pectin & chitin) were currently exploited as sprout for nucleation of differently surface passivated CDs
under both of acidic and basic media and different temperature. Successive nucleation of CDs was
affirmed via different instrumental analysis like, UV-Visible spectroscopy, TEM micrographs, XRD, FTIR,
THNMR& "3CNMR spectral data. The optical properties of the synthesized CDs were investigated. The
antitumor performance of CDs was evaluated via WST-1 Cell Proliferation Assay for analyzing their
effects in the reduction cell viability percent for tumor cells. A comparable study for approving the anti-
inflammatory action of the prepared CDs was presented, in order to show their supremacy for inhibition
of inflammation.
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Experimental section

Materials and chemicals

Chitin (Poly-(1—4)-B-N-acetyl-D-glucosamine, from shrimp shells, Sigma-Aldrich), pectin (Poly-D-
galacturonic acid methyl ester, from citrus peel, galacturonic acid =74.0%, Sigma-Aldrich), alginate
(Sodium alginate from brown algae, Sigma-Aldrich), sodium hydroxide (NaOH, 99%) and hydrochloric
acid (HCI, 37%, Sigma-Aldrich) were all used as received and the stock solutions were prepared form
distilled water.

Synthesis of water-soluble CDs

10 g/L of biopolymer (chitin, pectin or alginate) were dissolved within 40 g/L of NaOH to be kept under
magnetic stirring for 120 minutes at 90 °C. Consequently, under hydrothermal conditions, complete
nucleation of CDs is performed, whereas, the prepared colloids were separately transferred to vertical
hydrothermal autoclave reactor to be kept in oven at 210 °C for 6 hours. Lastly, the reaction colloids with
dark brown color were left for cooling at room temperature, to be dialyzed with distilled water for
purification to obtain highly purified/monodispersed/pure CDs, ready for further analysis. Table 1
represents the experimental conditions for the currently prepared samples.

Table 1: Description of the synthesized samples.
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Sample Polysaccharide  Concentration NaOH HCI Temperature Time Color
(o/L) @/L) (ml/L) (C) (hr)

Al Sodium 10 10 - 150 3 Faint
alginate brown

A2 Sodium 10 10 - 150 6 Brown
alginate

A3 Sodium 10 10 - 200 3 Faint
alginate brown

A4 Sodium 10 10 - 200 6 Brown
alginate

A5 Sodium 10 - 10 200 3 colorless
alginate

A6 Sodium 10 - 10 200 6 Faint
alginate yellow

A7 Sodium 10 - 10 150 6 colorless
alginate

Cc2 Chitin 10 10 - 150 6 Faint

yellow

Cc7 Chitin 10 - 10 150 6 Colorless

P2 Pectin 10 10 - 150 6 Brown

P7 Pectin 10 - 10 150 6 Colorless

Characterization and Instrumental analysis

Absorption spectral maps were manifested at 250—750 nm using a spectrophotometer (Cary 100 UV-VIS,
UV-Vis-NIR Systems, from Agilent). Topography and size average of the synthesized CDs were
determined via anticipation of HRTEM (JEOL-JEM-1200, from Japan). Size average of CDs was
evaluated via 4 pi analysis software (from USA) for 50 particles at least. Mean size and poly-dispersity of
CDs were also estimated using Zetasizer instrument "via dynamic light scattering technique at 25 °Cin
insulated chamber" (Malvern Nano ZS, from Malvern Instruments Ltd — UK). Infrared spectral data were
obtained using Jasco FT/IR 6100 spectrometer. Absorbance spectral data were collected at "500 — 4000
cm™! using 15 points smoothing, 4 cm™ resolution, 64 scanning times with scanning rate of 2 mm.sec’
" TH-NMR and "3C-NMR spectra were estimated at Jeol-Ex-300 NMR spectrometry (JEOL -

Japan). Photoluminescence spectral results for the prepared CDs in ultraviolet-visible range were
obtained via spectro-fluorometer (JASCO FP8300), whereas, the measurement was carried out at room
temperature with excitation at 340 nm, while, emission was detected at room temperature. All of the
prepared CDs were analyzed via powder X-ray diffraction using "X’Pert MPD diffractometer system from
Philips, at room temperature", while, Diffraction bands were collected in a diffraction angle (26) range of
3.5-50° "using monochromator, Cu Ka X-radiation at 40 kV, 50 mA and A = 1.5406 A,
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Cell Proliferation Assay and Anticancer potentiality

Cell proliferation assay is performed for following up the physiology and physical changing for cells that
were exposed to extracellular stimulation [16]. Sulforhodamine B (SRB) assay is a colorimetric
examination mainly relies on the photoluminescence sulforhodamine B dye that could chemically bonded
to basic amino acids in the vial cell. SRB assay could be ascribed as a cost effectiveness, accurate and
highly sensitive test. Via the colorimetric detection, the total mass of proteins could be estimated via
counting the number of cells. In this study, SRB assay was carried out to approve the anticancer
potentiality of the prepared CDs and to monitor the effect of surface passivation on their anti-tumor
performance against lung cancer cell (A-549). A-549 cell line was given from Nawah Scientific Inc.,
(Mokatam, Cairo, Egypt). Cells were allowed to gro in DMEM medium supplemented with "100 mg/mL of
streptomycin, 100 units/mL of penicillin and 10% of humidified/heat-inactivated fetal bovine serum and
five percent of (v/v) CO, atmosphere at 37 °C". Aliquots of "100pL cell (5x103 cells) were suspended in
96-well plates for incubation up to one day". The tested cells were mixed with another aliquot of "100 pL
medium containing the prepared CDs with different concentrations". After 3 days, the tested cells were
treated with "150 pL of 10% trichloroacetic acid to be incubated at 4°C for 60 minutes". Trichloroacetic
acid was subsequently removed, while, the examined cells were washed for five times with distilled water.
Aliquot of "70 pL SRB solution (0.4% w/v) was added to transfer cells for another time of incubation in
dark at ambient conditions for 10 minutes". Afterword, the cells were washed for three times with "1%
CH;COOH for air-drying overnight". Lastly, 150 pL of TRIS (10mM) was exploited for dissolving the
complex of protein-bonded with SRB dye, for detection of Absorbance at "540 nm via BMGLABTECH®-
FLUOstar Omega microplate reader, Ortenberg, Germany".

Anti-inflammation Action:

RAW264.7 cells, "Muose macrophages, ATCC®, was obtained from Nawah Scientific Inc — Mokatam,
Cairo, Egypt" were allowed to grow in "Dulbecco’s Modified Eagle's Medium, DMEM, Corning, USA" to be
supplemented with 10% of "fetal bovine serum", 100 U/mL of "penicillin”, 100 pg/mL of "streptomycin
sulphate" and 2 mM of "L-glutamine" in humidified incubator with "5% of carbon dioxide". Preliminary,
cells were washed with "buffered phosphate saline" using sterile, then the flasks were scrapped off "SPL,
Spain". Aliquot of "RAW 264.7 cells, 0.5 x 10° cells/mL" were allowed to implant in "96-well microwell
plates" for overnight. Consequently, "non-induced triplicate wells" were added in a medium with samples
vehicle, "'DMSO0, 0.1% v/v". the inflammation inducer with "lipopolysaccharide (LPS) as 100 ng/mL" was
added to inflammation group of triplicate wells with a complete culturing media, containing 0.1% v/v of
dimethyl sulfoxide. Triplicate welled samples were treated with screen concentrations of 10 and100 uM
of CDs solubilized in dimethyl sulfoxide (0.1%, by volume) for dilution in LPS. 0.25 mM of Indo
(Indomethacin) was applied as a blank sample. After incubation for 24 hours, Griess assay [17] was
performed for estimating of nitrous oxide "NO" percent. Equal contents of Griess drug and culture
supernatants were allowed for mixing and consequential incubation at ambient conditions for 10
minutes to produce colored diazonium salt and for estimating the absorbance at 540 nm on "Tecan
Sunrise™ microplate reader” (Austria). NO Inhibition % of CDs was estimated according to LPS-induced
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inflammatory groups, with normalization for the cell viability estimated via "Alamar Blue™ reduction
assay" [18]. Concentration that inhibits fifty percent of LPS-induced NO was statistically evaluated on
"GraphPad Prism software via the curve fitting to a non-linear regression modeling".

Results and discussion

Mechanism for nucleation of Tunable CDs

Comparative overview between the compatibility of chitin versus alginate and pectin for nucleation of
water-soluble CDs under hydrothermal conditions was currently studied. The mechanism of CDs'
clustering from alkali solubilized biopolymers could be postulated as follows; all of the as-exploited
polysaccharides as CDs nucleators, are supposed to be fragmented under the strong alkaline conditions
to their monomers, whereas, under consequential hydrothermal treatment, furfural intermediate is
produced [19, 20], that in turn is polymerized, aromatized and oxidized for controllable nucleation of
aromatic/nitrogen-surface passivated CDs from chitin, while, aromatic/oxygen-surface passivated CDs
are supposed to be clustered from both of alginate and pectin [21, 22]. Eventually, dialysis was performed
for ultra-purification to produce mono-dispersed/ ultra-filtered CDs with regulated geometrical

features [23].

Characterization of CDs

UV-Visible spectral mapping for all of chitin, alginate and pectin, before and after their exploitation in
preparation of CDs were plotted in Figure 1. Photos for the prepared samples under different conditions
were presented in Figure 1d, whereas, it could be depicted that, the visual observation for the prepared
colloids after exposure to hydrothermal treatment to complete the successive clustering of CDs, and
regardless to the type of the exploited polysaccharide, acid hydrolysis resulted in producing turbid
colorless or white colored colloids, while, under basic conditions, the obtained colloids were exhibited with
brownish color in case of both alginate and pectin and faint brown in case of chitin

Figures 1a, 1b & 1c show the spectra of alginate, pectin and chitin before and after it exploitation as CDs
nucleator, respectively, whereas, one absorption band at 270 — 285 nm with long tail in visible region was
observed in spectrum of CDs ingrained from alginate-treated with acid (A7) and CDs nucleated from
pectin-treated with either acid or base (P2 & P7). The as-mentioned peak is referring to 1 - * transition
and electron radiation relaxation [24, 25]. This data is in agreement with literature [26], whereas, the
optical spectra of the all-prepared CDs are mainly observable in the ultraviolet range.

Figure 2 represents TEM micrographs of CDs that were successively ingrained from alginate-treated with
base (A2, Fig.2a) and with acid (A7, Fig.2b), chitin-treated with base (C2, Fig.2c) and with acid (C7, Fig.2d)
& pectin-treated with base (P2, Fig.2e) and with acid (P7, Fig.2f). The plotted data show the geometry and
topographical features of the synthesized CDs, with the estimated size distribution of all the examined
samples. All of the examined micrographs strongly affirmed the affinity and accessibility for all of the
currently selected polysaccharides as CDs nucleators, for successive clustering of size and topography

Page 7/28



controllable CDs, in addition to affirm the vital role of pH for ingraining spherical/highly monodispersed
CDs. From the estimated data of size distribution, it could be revealed that, the exploitation of pectin-
treated with base (P2, mean size 4.1 + 1.8 nm) and chitin-treated acid (C7, mean size 3.5 + 1.7 nm)
resulted in ingraining of the smallest sized CDs with size distribution of 1.0-8.0 nm. Whereas, using of
alginate either treated with acid (A7, mean size 6.8 + 2.7 nm) or base (A2, mean size 6.5 + 2.9 nm), pectin-
treated with acid (P7, mean size 7.1 + 2.6 nm) or chitin-treated base (C2, mean size 5.1 + 1.9 nm), leaded
to production of slightly bigger sized particles.

Moreover, Zetasizer data further affirmed TEM observations for successive nucleation of sized CDs [27,
28]. Comparative study for the particle size estimations detected via DLS analyzer for all of CDs prepared
under basic conditions (Figure 3a) and acidic conditions (Figure 3b). Whereas, the represented data
signed for the more preferability of pectin-treated with based and chitin-treated with acid for nucleation of
the smallest particles compared to the others, while the particle size of CDs ingrained from pectin-treated
with base and chitin-treated with acid was 15.7 nm and 10.1 nm, respectively. whereas, the largest sized
particles were obtained from alginate-treated with base (28.2 nm) and pectin-treated with acid (18.2 nm).
These findings could be explained due to, alkali hydrolysis of pectin is reported to increase the
functionality of pectin biopolymeric blocks, and also chitin is well-known to exhibit higher reactivity in
acidic medium rather than in basic medium, to be more accessible for nucleation of the desirable dots
[29, 30]. So it could be concluded that, the plotted data in Figures 2 &3 approved the accessibility of both
alkali hydrolyzed pectin and acid-hydrolyzed chitin in synthesis of water soluble CDs under hydrothermal
conditions, however, pectin is more favorable for clustering highly dispersed/homogenous and smaller
sized regulated dots.

Optical Characters

According to literature, the optical characters of CDs were approved to be mainly correlated to the surface
passivation rather than their particle size [26]. Meanwhile, it was reported that, the optical characters of
CDs is mainly dependent on to the decorative functional groups on the surface of carbon core [31].
Surface functionalization means, the nucleation of CDs with florescence centers that are built up with the
synergetic hybridization of heteroatom-containing functional groups on the surface of carbon core [32].
Thus, the optical characters of the as-nucleated CDs are dependent on the surface decorative groups
inborn from either chitin or alginate and pectin, with overlapping of r-t* transition and n-rt* transition of
CDs. Additionally, surface passivation mainly reflects in chemical shifting for absorption in a longer
wavelength, to produce colorful CDs and endowing their easy colorimetric detection.

Therefore, the optical characters of the as-clustered CDs were studied via photoluminescence spectral
maps (Figure 4), whereas, the emission spectral data was estimated after excitation at 450 nm (Figure
4a). The observable emission bands in UV-visible range affirmed the presence of mobile 1t electrons and
non-bonding electrons on the plenty of aromatized carbon-based skeleton and heteroatoms. Regardless
to the type of polysaccharide, photoluminescence spectral data of CDs that were currently prepared under
either basic or acidic conditions approved their exhibition with optical characters.
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Comparing between the plotted spectra in Fig.4b & Fig.4c, it could be revealed that, acid treatment of
polysaccharides resulted in nucleation of CDs with quenching of photoluminescence, whereas, CDs
clustered from base-hydrolyzed polysaccharides were observed with more intense emission bands.
Meanwhile, Figure 4b shows that; the excited CDs ingrained under basic conditions were exhibited with
PL emission peak at 475- 490 nm (bluish green region) [33-35]. Whereas, CDs ingrained from base-treated
chitin (C2) showed with the highest intense band with blue shifting, while, the lowest intense emission
band with red shifting was observed for CDs nucleated from base-hydrolyzed pectin. In summarization,
PL results approved that, with hydrothermal technique, the exploitation of the currently applied
polysaccharides under either acidic or basic conditions was succeeded in nucleation of CDs that could
emit in visible region, i.e., with efficient fluorescent characters in visible range, that sequentially facilitate
their application in biomedicine.

FT-IR, "THNMR & ">*CNMR

NMR spectral data were represented in Figures 5 & 6 for elucidation of reaction mechanism and approval
for successive nucleation of CDs from either chitin or pectin and alginate. Figure 5a, 5b & 5¢ show
THNMR for CDs prepared under basic conditions from alginate (A2), chitin (C2) and pectin (P2),
respectively. Fig.5a shows that, CDs ingrained from pectin is characterized with significant peaks at 1.19-
2.27 ppm, 3.81-3.99 ppm, 4.68-4.99 ppm, 5.91 ppm and 8.30-8.33 ppm, that are corresponding to protons
of sp® C-H, protons attached to hydroxyl decorative groups, protons attached to carbonyl groups, protons
of 0-C-H alcohols, and protons of aromatic or sp? CH=CH protons, respectively. whereas, Fig.5b shows the
characteristic peaks of CDs ingrained from chitin (C2) to detected at 1.82-2.004 ppm, 3.26-3.87 ppm,
4.56-5.08 ppm, 5.92-6.13 ppm, 7.25-7.57 ppm and 8.81-8.91 ppm, that are signing for protons of N-H
(amine), protons of N-C-H (amine), protons attached to carbonyl groups, protons of N-H (amide), protons
of C-H aromatic, C-H (aldehyde), respectively. Moreover, F Fig.5¢ that is represented for CDs clustered
from pectin (P2) also shown with exhibiting the characteristic peaks of protons of sp® C-H, carbonyl
alpha C-H, -O-C-H (alcohols), C-H alkene, C-H aromatic, and carboxylic O-H, that are detected at 1.08-1.81
ppm, 2.29-2.56 ppm, 4.56-4.80 ppm, 5.99-7.08 ppm, 8.003-8.32 and 8.87-9.64 ppm, respectively.

On the other hand, Figure 6 represents "3CNMR spectra of the above-examined CDs samples and it could
be obviously observed that, the typical bands for CDs ingrained from alginate (A2) (Fig.6a) are detected
at 16.99-23.51 ppm, 31.14-34.29 ppm, 57.53-61.36 ppm, 68.59-72.18 ppm, 167.91-171.27 ppm and

181.42-183.04 ppm, that are referring to carbons of CH, (sp®), CH (sp®), -C(sp?), carbon attached to
hydroxyl group, C=C aromatic or sp? carbons and carbons of C=0 groups, respectively. Fig.6b shows the
spectrum of CDs ingrained from chitin (C2) with corresponding peaks of carbons of CH, (sp?), amine and
amide without hydrogen, -C (sp3), C-H aromatic, C-(aromatic without hydrogen) and CH (aldehyde), that

are observed at 19.80-23.95 ppm, 58.25-58.63 ppm, 71.89 ppm, 135.96 ppm, 168.61-171.27 ppm and
178.43-181.64 ppm, respectively. Lastly, Fig.6¢c shows the spectrum of CDs ingrained from pectin,

whereas, the significant bands of carbons of CH, (sp®), CH (sp®), -C(sp?), 0-C-H (alcohol), CH (aromatic)
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and CH (aldehyde), are observably detected at 17.17-23.70 ppm, 31.30-37.60 ppm, 57.68-61.57 ppm,
68.77-72.47 ppm, 166.52-173.41 ppm and 180.16-183.10 ppm, respectively.

From the estimated data it could be decided that, in all of the examined samples of CDs, observation of
characteristic peak of C-H aromatic, C-H (aldehyde), approved the elucidated mechanism of nucleating
CDs via aromatization and oxidation of polysaccharides fragments under the currently designed
conditions. Additionally, in case of C2, the estimation of significant peaks of protons of N-H (amine),
protons of N-C-H (amine), protons attached to carbonyl groups and protons of N-H (amide), approved the
affinity and compatibility of chitin as nucleator of N-surface passivated CDs, whereas, in case of A2 & P2,
estimation of characteristic peaks of O-C-H alcohols and C-H aldehyde, revealed the suitability of both
pectin and alginate in production of O-surface passivated CDs, as elucidated in the suggested
mechanism.

Figure 7 represents FT-IR spectral results for all of the as-functionalized polysaccharides before and after
their exploitation as nucleators of CDs, in order to show the effect of pH conditions on the chemical
compositions and the surface passivation of the as-ingrained CDs. Figure 7a shows the characteristic
peaks of native alginate, while, it was characterized with significant absorption peaks at 3278 cm™', 2888
cm™', 1574 cm™,1388 cm™" and 998 cm™" were characteristic for O-H stretching, interlayer C-H (sp®)
stretch, C=0 stretch, CH (Sp3) bend, and alkoxy C-O, respectively. However, after exploitation of alginate in
nucleation of CDs, under basic conditions (A2) and acidic conditions (A7), it was observed that, for
spectrum of A7, the characteristic bands of native alginate were retained but with weak intensity.
However, spectrum of A2 is observed with the disappearance of the characteristic bands for interlayer C-
H (sp?) stretch & CH (sp?) bend, while, the characteristic peaks of C=C stretch (aromatic) at 1558-17071
cm™ and aromatic sp? CH bend at 864 cm™ are observably detected, that are characteristic for
aromatized CDs [36, 37]. Figure 7b represents the spectra of chitin before and after its application as CDs
nucleator, under acidic conditions (C7) and basic conditions (C2). Pristine chitin is shown with significant
bands pointed as follows; i) 3397 & 3237 cm, corresponding to —NH, & O-H stretching vibration within
intermolecular hydrogen bonding, ii) amide | (C=0) stretching and amide Il (C-N) bending at 1606 and
1568 cm™, respectively, i) bands of C=0 in hydrogen bonding with N-H of the neighboring chain and C-O-
C bending at 1540 and 939-1127 cm™', respectively [38]. whereas, from the plotted spectra it could be
depicted that, the characteristic peaks of chitin, were all retained after exploiting of chitin as CDs
nucleator under acidic conditions (C7). However, spectrum of C2 is observed with the disappearance of
the characteristic bands for native chitin, while, a sharpened C=C stretch (aromatic) peak at 1554-1404
cm™ and aromatic sp? CH bend peak at 864 cm™, were observably detected. Figure 7c, also shows

that, similarly, CDs clustered via acid treatment of pectin (P7) was shown with the retained peaks of
native pectin (3263 cm™', 2885 cm™', 1682-1586 cm™', 1338 cm™' and 995 cm™, corresponding to O-H
stretching, interlayer C-H (sp®) stretch, C=0 stretch, CH (Sp3) bend, and alkoxy C-O, respectively.), whereas,
the spectrum of CDs ingrained from base-treated pectin was observed with the specialized bands of C=C
stretch (aromatic) and aromatic sp? CH bend at 1562-1389 cm™ and 849 cm, respectively.
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Figure 8 shows the obtained data of XRD analysis that were estimated for CDs ingrained from either
chitin or alginate and pectin under basic conditions (Fig.8a) and acidic conditions (Fig.8b), to declare
that, CDs that were ingrained from base-treated alginate were exhibited with six diffraction bands at 26=
28.5° (broad), 34.4°,38.0° & 41.8° & 46.8° whereas, exploitation of acid-hydrolyzed alginate produced CDs
that were exhibited with only three bands at 26=31.8°, 45.6°, 56.7° & 75.5°. In case of CDs clustered from
base-treated chitin were show with eight diffraction peaks at 26=19.7°, 30.2°, 35.0°, 38.0° & 41.5° & 46.6°,
while, using of acid-treated chitin as CDs nucleator reflected in production of CDs with two diffraction
peaks at 26=9.6° & 19.4°. Moreover, applying of base-dissolved pectin as CDs generator produced CDs
with six diffraction bands 26= 24.5° (broad), 30.1°, 34.7°, 37.9° & 41.5°, whereas, acid hydrolysis of
pectin, resulted in clustering of CDs with only three diffraction bands at 26= 23.5° (broad), 31.8°, 50.5° &
52.8°. These could reveal that, compared to acid-hydrolyzed polysaccharides, exploitation of base-
hydrolyzed polysaccharides resulted in clustering of more crystalline/highly organized CDs.

CDs with Antitumor Performance via Necrosis

The affinity of any antitumor reagent for destroying alive tumor cells is known as cytotoxicity, while, such
reagents were hypothesized to act in cell death via the induction of necrosis, or apoptosis (i.e.,
programmed cell death). According to literature [39], necrosis is considered as the most favorable mode
of action for the anticancer drugs. Recent reports were interestingly considered for investigating the
potentiality of various drugs that could act via the induction of apoptosis for the malignant cells. In more
details, activating caspases is identified as the first essential step for induction and progression of
necrosis. Caspases as endoproteases, are enzymes that mainly act in regulating necrosis signal network
and inflammation, via staring of the cellular destruction, i.e., degradation of cyto-proteins or
fragmentation of DNA [40]. According to literature [41], the antitumor performance and anti-proliferation
of the prepared CDs in the current study could elucidated as follows; penetration of CDs via cell wall of
the tested cancer cells causes the activation of caspases, as the as-synthesized CDs in cytoplasm of the
tested cells could successively liberate ROS, that are reported to efficiently activate caspases, to act
directly in necrosis.

Figure 9a represents the relationship between the estimated values of absorbance and the concentration
of the synthesized CDs using base-treated polysaccharides, whereas, increment in the estimated value of
absorbance, meaning that, more of viable cells. The plotted data obviously demonstrates that; regardless
to the type of the exploited polysaccharide, the estimated value of absorbance was significantly lowered
via increasing the concentration of the exploited CDs up to1000 pg/mL. Figure 9b shows the relationship
between the concentration of CDs and the cell viability percent, as the antitumor performance of the
tested CDs to follow the order of A2 > P2 > C2. Meanwhile, O-surface passivated CDs ingrained from
base-treated alginate (A2) were shown with the highest necrotic effects against the tested tumor cells,
while, N-surface passivated CDs were exhibited with the lowest anti-tumor action. Moreover, the cell
viability percentage was significantly lowered from 23.1%, 18.1% & 17.6 % at using 100 m/L to 80.8%,
69.0% & 74.0% at using 1000 mg/L for CDs ingrained from alginate, chitin & pectin, respectively. So, it
could be declared that; CDs ingrained from base-hydrolyzed alginate is shown with the highest anti-
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proliferative action against the examined tumor cells. In summarization, the synthesized CDs from either
chitin or alginate and pectin exhibited high stability and high cytotoxic effects against the examined
cancer cells, and either N-surface functionalized CDs or O-surface functionalized CDs could be ascribed
as superiorly bio-compatible tumor anti-proliferative candidates. Moreover, the data approved the
seniority O-surface passivated CDs over N-surface passivated CDs to be exploitable as antitumor laborer.

Anti-inflammation performance of O-surface passivated CDs & N-surface passivated CDs

One of the consequential effects of inflammation is the decomposition of proteins [42]. Whereas, the
denatured proteins contribute in extensive induction of the immune cells at the inflammation sites,
resulting in dramatical transforming of the acute inflammation to chronic inflammation [42, 43]. In
addition to, Tumorigenesis (the progress in the growth of tumor cells), is also known as a result of the
chronic inflammation [44]. Transformation of the acute inflammation to chronic inflammation only takes
a place when the mechanism that is responsible for controlling of the acute inflammation is inefficiently
proceeded and the clearance of inflammation mediators is failed [45]. Consequently, the inflammation
mediators continuously increase, resulting in the production of ROS (such as 0,-, OH;, '0,, and H,0,) and

RNS 9nitrogen reactive species; such as NO-, ONOQ") that mainly responsible for the deterioration of
nucleic acids [45, 46]. Excessive amounts of ROS & RNS resulted in oxidation of biomolecular structures
and deterioration of proteins and genes, resulting in progression of the acute inflammation to chronic
inflammation [47]. So, it could be clarified that, the action of anti-inflammatory drugs in mainly
maintained in speeding up the sweeping of ROS and RNS to inhibit the progress of inflammation process.

In the demonstrated work, Griess assay was performed for approving the affinity of the prepared tunable
CDs as anti-inflammatory drugs, and for monitoring the effect of variation in surface passivation on the
anti-inflammatory performance for N-surface passivated CDs versus O-surface passivated CDs. Herein,
the nati-inflammation performance was monitored via following up the inhibition of nitrous oxide radicals
(NO) as one of RNS that mainly responsible for the transformation of acute inflammation to chronic
inflammation. Via Griess assay, the higher is the anti-inflammation action, the higher is the inhibition % of
NO- (NO inhibition%). Figure 9¢ represents the relationship between the absorbance and the concentration
of the synthesized CDs under basic conditions to declare that, regardless to the effect of surface
passivation, increment of the concentration of CDs from 0.07 mg/L up to 10 mg/L, resulted in significant
decrement of 50% for the detected absorbance values.

Figure 9d shows the effect of concentration for CDs prepared under basic conditions on NO inhibition%,
while, the data clarified that, regardless to the variability in surface passivation, all of the prepared CDs
were shown with efficient anti-inflammatory action. However, O-surface passivated CDs (ingrained from
alginate) showed the supremacy in inhibition of inflammation, while, increasing of its concentration ten
times resulted in significant increment in inhibition percent to be 26.7% & 40.8%, using 1 ug/mL & 10
pg/mL, respectively. So, it could be decided that; O-surface passivated CDs (clustered from alginate)
exhibit high affinity to act as anti-inflammatory drug, so as to be exploited as a potential therapeutic for
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treatment of inflammation, in production of vaccines, immune-therapeutics, and immune-suppressive
drugs.

Mechanism of anti-inflammation actin of the prepared CDs could be briefly elucidated according to
literature as follows; CDs can act as sweepers for ROS & RNS with delocalizing the electron density in
their aromatic nuclei, so as they can decrease the oxidation stress of such RS to retard their effects in
transforming the acute inflammation to chronic inflammation. Moreover, the currently prepared CDs with
variable surface passivation functional could provoke low immune response [48].

Conclusion

In recent decades, numerous reports were extensively considered with studying the biological
performance and optical activities of carbon dots (CDs). Recent investigations were shifted this trend
toward exploring the biomedical applicability of CDs, relevant to chronic diseases. Urgent requirement for
medication from hazards human inflammation and cancer diseases are extensively considered, while,
recent approaches were concerned with studying easily synthesized CDs as successfully effective
therapeutics. Herein, a systematic approach is demonstrated for studying tuning of optical character and
biological performance for different surface passivated CDs, whereas, three different polysaccharides
(alginate, pectin & chitin) were currently exploited as sprout for nucleation of differently surface
passivated CDs under both of acidic and basic media and different temperature. Successive nucleation
of CDs was affirmed via different instrumental analysis like, UV-Visible spectroscopy, TEM micrographs,
XRD, FTIR, "THNMR& "3CNMR spectral data. The optical properties of the synthesized CDs were
investigated. The antitumor performance of CDs was evaluated via WST-1 Cell Proliferation Assay for
analyzing their effects in the reduction cell viability percent for tumor cells. Under acidic conditions, N-
surface passivated CDs, prepared from chitin, were exhibited with the smallest size distribution, whereas,
largest sized O-surface passivated CDs nucleated from pectin. N-surface passivated CDs ingrained from
chitin under basic conditions were shown with the highest optical activity. Moreover, CDs colloids
prepared under basic conditions were shown to follow the trend of alginate > pectin > chitin, in the
anticancer performance. Meanwhile, O-surface passivated CDs nucleated from alginate under basic
conditions were shown with the highest anti-proliferative effects against the examined cancer cells.
Similarly, under basic conditions, O-surface passivated CDs (ingrained from alginate) showed supremacy
in inhibition of inflammation, while, increasing of its concentration ten times resulted in significant
increment in inhibition percent. As a conclusion, N-surface passivated CDs exhibited with the highest
optical character, while, O-surface passivated CDs ingrained from alginate showed the seniority over that
nucleated from pectin in the antitumor and anti-inflammatory performance.
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Figure 1

Absorbance spectra for the synthesized CDs samples; [a] A2, [b] A7, [c] C2, [d]C7, [e] P2 and [f] P7.
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Figure 2

TEM and the calculated size distribution for the synthesized CDs samples; [a] A2, [b] C2, [c] P2, [d] A7, [€]
C7 and [f] P7.
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Figure 3

Particle size analyzer results for the synthesized CDs samples.
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Figure 4
Fluorescence properties for the synthesized CDs samples; [a] excitation spectra for A2 (emission

wavelength = 450 nm), [b, c] emission spectra (excitation wavelength = 380 nm) and [d] photographic
images under UV-lamp (365 nm).
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Figure 5
THNMR Spectral data for the synthesized CDs samples; [a] A2, [b] C2 and [c] P2.

Page 23/28



[a]

(L] i 15%
L] o i idd g

[B]

0 ! 1§ 1

[e]

15\“1”.[' ] I s
Frrt B H adidd B & vidd kaa

Figure 6

T3CNMR Spectral data for the synthesized CDs samples; [a] A2, [b] C2 and [¢] P2.

Page 24/28



LT A

Alginate

Absorbance
B

00D 500 000 2500 2000 1500 1000 SO0

Wavenumber [cmt)
[b]
J\/\/\j‘w
g
&
5 (=]
Chitin

4000 asn0 3000 2500 it 1500 1000 =W

Wavenumber [cmt)
[x]

M
g
8 P2
2
S

Pectin

A0 500 3000 2500 2T 1500 1000 po)

Wavenumber [crmt)

Figure 7

IR spectral data for the synthesized CDs samples.
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Figure 8

XRD results for the synthesized CDs samples.
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Figure 9

Biological activities for the synthesized CDs samples; [a, b] anti-cancer activity, [c, dlanti-inflammatory
activity, [a, c] absorbance and [b, dlinhibition percentage.
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