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A B S T R A C T

In the present study, polyethylene Glycol passivated Graphene Quantum Dots (PEG-GQDs) were successfully
synthesized via the hydrothermal method. Furthermore, for the synthesis of anticancer drug loaded GQD
embedded microspheres, the anticancer drug was mixed with synthesized PEG-GQD. As prepared, Gefitinib-PEG-
GQDs were incorporated into poly-lactic acid (PLA) microspheres using poly-vinyl-acetate (PVA) as surfactant via
solvent evaporation technique and single emulsification method. The successful synthesis of anticancer drug
loaded microspheres was confirmed by several characterization techniques, including Field-Emission Scanning
Electron Microscopy (FE-SEM), which shows the morphology of microspheres, Fourier Transform Infrared
Spectroscopy (FTIR) analysis gives an idea about functional group present in the microspheres. X-ray diffraction
(XRD) provides information about the crystallinity of the samples respectively. The drug release characteristics
were determined by UV-Vis spectrophotometric analysis. Moreover, the in-vitro cell-based cytotoxicity assay
indicated almost insignificant cytotoxicity of the NCI–H522 cell line (Human, Lung, Non-small cell lung cancer).
1. Introduction

Lung cancer is the leading cause of cancer-related death globally [1].
Chemotherapy is currently the most widely used cancer treatment, and it
is based on the systematic giving of bolusmedicines to cancer patients [2].
20 July 2022; Accepted 14 Decem
is an open access article under t
In any case, the major complication that decelerates effective drug accu-
mulation is the multidrug resistance of cancer cells. Combinatorial treat-
ment, includingdifferent drugs or potential drug applicants havingunique
signaling pathways, enhanced remedial impacts against particular targets,
and intends to defeat components of protection, is a promising alternative
ber 2022
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

mailto:pl_kshk@yahoo.co.in
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e12512&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e12512
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2022.e12512


A. Gautam, K. Pal Heliyon 8 (2023) e12512
to chemotherapy administered by a single specialist [3]. This way,
nanotechnology-mediated delivery of anticancer drugs inside a single
treatment platformcanbe a successful technique and it canbevalidatedby
using computed tomography (CT) images [3, 4].

Nanotechnology holds significant assurance for solving these diffi-
culties by empowering a lot of therapeutic drugs to be encapsulated into
nanoparticles. Moreover, it expands the half-life of the drug, diminishes
lethal unfavorable effects related to the drug, and enhances its pharma-
cokinetic profile and therapeutic efficiency [5, 6].

Drug delivery system which is inexplicable in delivering the partic-
ular drug to a patient. In drug delivery the drug is absorbed across a
biological membrane, whereas the drug is released in a dosage form in
this system. This system is based on a process that delivers a certain
quantity of a therapeutic agent for an extended period to a targeted
diseased area within the body. It's also a feasible way to increase the
effective use of a drug andminimalize adverse side effects and toxicity [7,
8]. Polymer-based nanoscale drug delivery systems (DDSs) as 'nano-
medicines' have received a lot of attention in recent decades for
chemotherapeutic drug delivery in cancer treatment. They provide
biocompatibility, controlled drug release profiles, increased circulation
times, and accumulation at the cancer site due to enhanced permeability
and retention (EPR) effects with an appropriate outline and basic
adaptability [9, 10, 11].

Transporting therapeutic agents to the desired site at the appropriate
moment is the fundamental difficulty in drug delivery. In addition to
symptoms and lethality, oral-regulated anticancer medications or in-
fusions suffer from the adverse effects of constrained control on drug
release rate. For a more extended period, the preferred regimen is a
robust initial medication release followed by a progressive decrease over
time [12]. The regulated distribution of medicine is a viable option for
overcoming the limitations mentioned earlier and allowing the drug to be
released continuously. In controlled drug delivery, first-order kinetics
may be used to achieve an optimal and effective drug concentration at
the target region, followed by zero-order kinetic. This type of release
mechanism is made possible by conjugating the drug to a polymer that
allows for controlled release. In any event, the polymer should be
Figure 1. Schematic view of preparation o
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biodegradable and wiped out by the physiological system without leav-
ing residues that could collect in cell compartments, such as liposomes or
tissues from the phagocytosis system [13].

Because of their ability to encapsulate a variety of medications,
biocompatibility, high bioavailability, and prolonged drug release char-
acteristics, polymeric microspheres are attractive carriers for a variety of
controlled delivery applications. It's likewise a practical method to
expand the successful utilization of a drug and minimalize undesirable
symptoms and toxicity [14, 15, 16]. Designing methods for combining
imaging tools with anticancer drugs-carrying microspheres for concur-
rent intracellular tracking and therapy opens up a new and more sig-
nificant avenue for cancer treatment. The most recent members of the
family of luminous carbon nanomaterials are Graphene quantum dots
(GQDs) with zero dimension [17]. In comparison to traditional dyes and
poisonous semiconductors, quantum dots are well known for their strong
fluorescence, surface modification flexibility, high solubility, chemical
inertness, ease of production, excellent biocompatibility, high photo-
stability, and low toxicity [18, 19]. Graphene quantum dots' remarkable
properties make them ideal for bioimaging applications. We recently
used the hydrothermal approach to make luminous GQDs and used them
for bioimaging in cancer cells [16]. For this, we have used poly (ethylene
glycol) (PEG) as a carbon source and ethanol as a solvent because of its
good solubility for anticancer drugs. Here, PEG is utilized to enhance the
fluorescence properties of graphene quantum dots by passivating their
surfaces. These biocompatible PEG-GQDs can be used to label cancer cells
with green fluorescence in conjunction with drugs because of their high
fluorescence and excellent photostability [20].

PEG-GQDs act as a promising tool in cancer therapy. It has been found
that PEG modifications facilitated NPs internalization into the cells [21].
Because of their Nano size, they increase the surface area for drug
dissolution in the microsphere and also increase the drug loading effi-
ciency [22, 23, 24].

Here, we are using PLA as a polymer matrix to encapsulate drugs
because of its good biodegradability and biocompatibility. Additionally,
the release profile of the drug can be controlled after being encapsulated
into PLA [25]. Nowadays, the Gefitinib drug is widely used to treat lung
f anticancer drug loaded microsphere.
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cancer. It is extensively metabolized in the liver, predominantly by cy-
tochrome P450 (CYP) 3A4 [26, 27].

Gefitinib is a low atomic weight inhibitor of the intracellular
tyrosine kinase space of the epidermal development factor receptor. It
has been noteworthy in the treatment of Non-small cell lung cancer
and has been affirmed by the Food and Drug Administration (FDA) in
2015 as the mainline treatment for patients with an epidermal devel-
opment factor receptor change and Non-small cell lung cancer [28].
Notwithstanding, as an oral medication, the remedial window of
Gefitinib is minimal because of its poor solubility in aqueous solvents
with pH > 7, which brings about poor bioavailability. A high dose is
then required amid clinical use of Gefitinib in view of its poor aqueous
solubility, which may prompt extra dangerous responses and adverse
impacts [29, 30].

As high drug concentration causes cancer cells to develop resistance
property against the drug, resulting in the failure of chemotherapy. Thus,
Figure 2. (a) UV-Visible spectra of PEG-GQDs, (b) PL spectra of PEG-GQDs at the d
light, next are Fluorescence microscopy images of Gefitinib loaded microspheres (c)
fluorescence under the green filter, (f) Microspheres showing green fluorescence un
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to increase the efficacy of drug, and to maintain the sustained and
controlled release behaviour of the chemotherapeutic agent towards lung
cancer, we conjugated gefitinib to the graphene quantum dots and
encapsulated in the PLAmicrospheres for simultaneous imaging and drug
delivery for the ablation of lung cancer cells. The main aim of our study
was to prepare a microsphere/quantum dots arrangement that will be
used for controlled delivery of an anticancer drug, i.e., Gefitinib, which
eliminates the initial burst and can track the accumulation of the drug in
lungs by using a mixture of PLA microspheres and self-passivated PEG-
GQDs to provide controlled release of Gefitinib for over a prolonged
period of time. Earlier no reports on the functionalization of graphene
quantum dots with anticancer drug, gefitinib is reported. Therefore,
gefitinib conjugated graphene quantum dots encapsulated in PLA mi-
crospheres prepared in this work can be good candidates for cell imaging
and drug delivery. Overall, it is anticipated that the innovative DDS will
be a great alternative for cancer therapy.
ifferent excitation wavelengths (inset: GQD solution under UV light and Visible
Without filter under bright field, (d) dark filter, (e) Microspheres showing blue
der the blue filter.



Figure 3. X-ray diffraction patterns of Gefitinib, Blank PLA/PVA microspheres,
and Gefitinib-loaded GQD embedded microspheres.

Figure 4. FT-IR spectra of drug-loaded microsphere.
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2. Experimental section

2.1. Materials

Poly (lactic acid) (PLA) (MW 2 * 104 g/mol) was purchased from
Sigma Aldrich, Poly (vinyl alcohol) (PVA) (MW86.09 g/mol), Dichloro-
methane (DCM) (MW 84.93) and Poly (ethylene glycol) (PEG) (MW
62.068 g/mol) were taken from Himedia Laboratories, India. Ethanol
(absolute) (MW 46.07) was imported from Changshu Hongsheng Fine
Chemical Co., Ltd. Gefitinib Tablets IP 250 mg was purchased from
SAMARTH Life Sciences Pvt. Ltd. National Centre for Cell Science
(NCCS), Pune, provided the NCI–H522 cell line (Human, Lung, Non-
small cell lung cancer) for this study. Penicillin/Streptomycin anti-
biotic, 3-(4,5- dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bro-
mide (MTT), Ethanol (EtOH), Phosphate-buffered saline (PBS), dimethyl
sulfoxide (DMSO) cell culture grade (�99.8%), Dulbecco's modified Ea-
gle's medium (DMEM), Fetal bovine serum (FBS), 98% sodium hydroxide
pellets (NaOH), and the trypsin-EDTA solution was brought from
HiMedia Laboratories Pvt. Ltd., India. All of the tissue culture flasks and
tissue culture plates were supplied by HiMedia Laboratories Pvt. Ltd.,
Mumbai (India).

2.2. Characterization techniques and instruments used

Samples morphology of Gefitinib loaded GQD embedded micro-
spheres was observed by Field Emission Scanning Electron Microscopy
(FESEM), using a Zeiss-Ultra Plus field emissionmicroscope, and for PEG-
GQDs, the sample morphology and size were analyzed by using the
HRTEM instrument at operating voltage of 200kV. For detection of
functional groups present in PEG-GQDs, Fourier Transform Infrared
spectroscopy (FT-IR) was executed using a Thermo Scientific Nicolet
6700 FT-IR spectrometer. Zeta potential was measured to check the
colloidal stability using a Malvern Zeta Potential Sizer Nano ZS 90. The
absorption property of Gefitinib-loaded microspheres was analyzed by
using Lasany LI-2800, a UV�vis spectrophotometer. To measure the
fluorescence property of Gefitinib-loaded microspheres, fluorescence
spectrophotometry was done with F-4600 FL Spectrophotometer, and
fluorescence microscopy was done by using a Nikon Eclipse LV100
fluorescence microscope. To determine the crystallinity of the sample,
the XRD pattern was captured using a Bruker AXS D8 Advance powder X-
ray diffractometer with a Cu tube (¼ 1.5409 A�) in the angle range of
5�–80� with a 0.1�/min increment.

2.3. Synthesis of graphene quantum dots

15 gm PEG was dissolved in 50 ml of ethanol (absolute) and stirred
for 1 h. The resulting solution was transferred to Teflon-lined autoclaved
for 72 h at 180 �C. Finally, a yellow-colored solution of PEG-passivated
graphene quantum dots (PEG-GQDs) was collected. A prepared sample
has been used for various characterization and further synthesis
protocols.

2.4. Gefitinib loading in graphene quantum dots

The solubility of Gefitinib in Ethanol is 0.3 mg/ml. So, we have
prepared GQDs in ethanol itself to achieve good adhesion of medicine
with the GQDs by directly dissolving Gefitinib into PEG-GQDs solution in
ethanol. Primarily Gefitinib was mixed with PEG-GQDs solution in
ethanol and stirred for 2 h to dissolve the drug into PEG-GQDs incor-
porated ethanol solution. Furthermore, this solution was kept at room
temperature (28 �C) for 24 h to remove ethanol for further processing.
After 24 h, the drug molecule conjugated PEG-GQD was synthesized
successfully.

The (% LC) drug loading capacity and (% EE) encapsulation efficiency
of Gefitinib in the PEG-GQDs incorporated microsphere was calculated
by UV–vis spectrophotometer.
4

The following equations were used to measure the loading capacity
and encapsulation efficiency of the drug:

LC¼Total amount of drug � Free amount of drug
Weight of dried nanocarrier

� 100 (1)

EE¼Total amount of drug � Free amount of drug
Total amount of drug

� 100 (2)

2.5. Synthesis of gefitinib conjugated PEG-GQD incorporated microsphere

We have synthesized Gefitinib-PEG-GQD incorporated microsphere
via the technique reported by Barkha. et al. [31] with minor modification
as shown in Figure 1. In the typical synthesis method, 5 ml of 2.5% w/v
PLA solution in DCM and 10 ml of 2.5% w/v of PVA in DI water were
prepared by stirring the solutions for several hours. Furthermore, the PLA
solution was mixed with 1.5 mg of Gefitinib- PEG-GQD. The solution was
stirred for 1 h for complete dispersion of Gefitinib-PEG-GQD into PLA
solution as the prepared solution was further used for emulsification and
preparation of the microsphere. Typically, this solution was kept on
sonication, and during the sonication process, PVA solution was added
slowly to form the emulsion until the whole PVA solution was consumed.
Furthermore, 10 ml DI water was added, and sonication was continued
for the next ten more minutes. After that, as prepared emulsion was



Figure 5. HRTEM images of graphene quantum dots.
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transferred to the stirrer and left for stirring overnight for the excess
solvent evaporation. As prepared microsphere was washed using a
centrifuge for the removal of surfactant. Specifically, washing was done
three times at 6000 rpm at a temperature of 4 �C for 15 min. After
washing, microspheres were dispersed into the distilled water and stored
at 4 �C till further characterization.

2.6. Cytotoxicity assay to check the biocompatibility of anticancer drug
loaded microspheres

Cytotoxicity assay, also called MTT assay, is based on the action of the
enzyme, i.e., cellular mitochondrial oxido-reductase. For estimation of
cell viability, the sample obtained at different stages of preparation of
microspheres and the final sample of anticancer drug loadedmicrosphere
5

sample were firstly sterilized by UV light exposure, and then these cells
were seeded over them in 96 well plate, and for next 48 h, they are
allowed to grow on it. As the desirable time period was completed, the
culture medium was discarded from every single well, and cells were
seeded over all different samples. Then the cells were subjected to in-
cubation with 0.5 mg/mL of MTT reagent for 4 h at 37 �C and put inside
the CO2 incubator under the desirable dark conditions. After the 48 h of
incubation is completed, the absorbance of blue color, which is the
consequence of solubilization of water insoluble formazan crystal in
DMSO, is used to calculate cell viability. When they begin converting
MTT salt in the presence of mitochondrial dehydrogenase enzymes pre-
sent inside the cells, the solubilized salt will turn blue in colour. We may
conclude that this cell viability assay focusing on MTT distinguishes
between live and dead cells since, in the presence of an enzyme, only



Figure 6. PEG passivated quantum dots in ethanol.
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viable cells will convert the salt into formazan crystal. The final absor-
bance of the solution was determined at 585 nm by using BMG Labtech
FLUOstar OPTIMA. All the collected samples were further tested in triplet
sets.
2.7. Degradation study of microspheres

The microsphere degradation study was done to determine the
pattern for drug release and to examine the changes in the morphology of
microspheres. The sample was dissolved in standard 1X PBS solution and
then was kept on a stirrer for 20 days. The sample was collected at time
intervals and was prepared for the FESEM analysis.
2.8. Drug release study of microspheres

The release of Gefitinib from drug-loaded microspheres was calcu-
lated over an unlike pH environment using the dialysis bag method via
UV-Vis spectroscopy analysis. In this process, we have used two
different buffer solutions, acetate buffer (10 mM, pH 4.5) and PBS (10
mM, pH 7.4), respectively. To calculate the release profile of Gefitinib,
2 mL dispersion of Gefitinib-PEG-GQD microspheres solution was kept
in two different dialysis bags, and these bags were suspended into the
two separate beakers containing 50 ml of acetate buffer and PBS
buffers respectively. Both beakers were kept on stirring at 100 rpm
speed, and a small amount of Gefitinib-PEG-GQD microspheres from
both the beakers was after 2, 4, 6, 8, 10, 12, 24, 36, 48 h, five days,
and ten days, respectively as collected samples were taken to UV-Vis
spectrophotometer for absorbance analysis. The absorption of Gefiti-
nib was predicted from the dose-absorption curve of Gefitinib. The
Gefitinib released was calculated in percentage form by the following
formulae:

Gef itinib release ð%Þ¼Gef itinib released in medium� 100
Gef itinib loaded in microspheres

(3)
Table 1. IC 50 value of the drug in various composition.

Drug composition IC50 Value μg/ml

Drug þ PEG in EtOH 2.909

Drug in EtOH 2.784

FINAL SAMPLE 1.210

6

2.9. Statistical analysis

All experimental protocols were repeated thrice. The student's t-test
and the Mean � S.D. were used to determine the significance of the data.
GraphPad Prism software 5.0 (GraphPad Inc., CA, USA), and Origin
2019b was used to calculate the statistical treatment of data, with p <

0.05 being considered to be statistically significant.

3. Results & discussion

3.1. Optical characterizations

The absorbance of PEG-GQDs in Ethanol is recorded by scanning in
the range from 200 to 800 nm. The maximum excitation wavelengths
were measured at 298 nm Figure 2(a) shows absorption characteristics
peaks of the GQDs. The most prominent peak is located at 298.5 nm,
similar to other reported work. In Figure 2(b), The Fluorescence spec-
troscopy analysis shows that the emission wavelengths were recorded
from 315 to 700 nm. The maximum emission was measured at 404 nm,
which corresponds to a violet color in the VIBGYOR spectra. Excellent
optical properties of graphene quantum dots are suggested due to the
presence of carboxyl or hydroxyl groups in PEG-passivized GQDs.
Figure 2(b) also demonstrates the fluorescence range of GQDs at various
excitation wavelengths at room temperature. Maximum emission was
observed at 405 nm under an excitation wavelength of 298.5 nm, which
falls into the retention band of PEG-GQDs. Moreover, as the excitation
wavelength changed from 298 to 330 nm, the PL peak shifted from 405 to
420 nm. The position of the maximum of the emission is dependent on
the excitation wavelength.

Figure 2(c), (d). (e), (f) showing the fluorescence microscopy micro-
graphs of Gefitinib loaded and GQDs embedded microspheres showing
fluorescence under different filters proving the GQDs labeling in drug
loaded microspheres at 10� magnification.
3.2. X-ray diffraction analysis

The structure of Gefitinib, Gefitinib loaded GQD embedded micro-
spheres, and blank PLA/PVAmicrospheres were investigated by a pattern
produced by X-Ray diffraction (XRD), as shown in Figure 3 Gefitinib
shown five diffraction peaks at 2ϴ ¼ 18.6�, 19.2�,24.2�, 26.2� and 26.4�

due to its high crystalline nature.
The blank PLA/PVA microspheres don't show any distinguish peak

except one broad, most prominent peak at 2ϴ ¼ 16.5o; hence it can be
concluded that PLA is amorphous in nature. Moreover, Gefitinib-PEG-
GQDs microspheres also do not show any detectable peaks regarding
Gefitinib loading because the amount of drug is well below the detection
limit of XRD.
3.3. Fourier transform infrared spectroscopy analysis

The FT-IR spectroscopy measurement, as shown in Figure 4 of the
Gefitinib-PEG-GQDs microsphere sample, has exhibited various absorp-
tion bands. The FT-IR spectrum of drug-loaded graphene quantum dots
microsphere shows a characteristic peak of benzene ring deformation at
621 cm�1. Three absorption bands at 1125, 1380, and 1761 cm�1,
represent the spine ester group of PLA.

The peak at 2310 cm�1 shows C¼C is due to aromatic ring stretching
in the polymer backbone. The peak at 2924 cm�1 is related to the sym-
metric modes of the C–H bond. Peaks at ~ 3500–2500 cm�1 are related
to the O–H bond stretching of Carboxylic acid. The –OH stretching mode
is also visible in spectra at 3560 cm�1. The broad peak is due to moisture
content present in the sample [32, 33, 34, 35]. Because the Gefitinib is
entrapped into the core of the nanoparticles, due to this reason, the
characteristic peak of the secondary amine group (–NH, 3398 cm�1) from
standard Gefitinib is not prominent here.



Figure 7. AO/EtBr fluorescent stained NCI–H522 cell images treated with IC50 value.
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3.4. Transmission electron microscope analysis

In Figure 5 TEM image analysis of the PEG-GQDs prepared via hy-
drothermal method showed that the graphene quantum dots are almost
equally dispersed with a consistent diameter of 4–26 nm, and the average
diameter calculated by histogram is nearly 13 nm.
Figure 8. FESEM image

7

3.5. MTT assay analysis

The cell-viability of PEG-GQDs and Gefitinib showed excellent values.
It confirms the low cytotoxicity and biocompatibility of both the mate-
rials, and they can be used on the living cell. This has also been proved
with the evaluation of cell death.
of a microspheres.



Figure 9. Degradation study of drug loaded microspheres.
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NCI–H522 cell line (Human, Lung, Non-small cell lung cancer) was
used and kept in RPMI-1650 complete media, and 5000 cells per well
were seeded in 96 well plate.

The media was kept for 24 h, and drug dosing was performed at 0.1%
v/v ethanol in the media. Here, we have prepared three different sam-
ples, i.e., Sample 1–Drug and PEG in Ethanol, Sample 2–Drug in Ethanol,
and Sample 3–drug loaded microsphere.

These three samples were taken in triplicate. After 24 h of incubation,
20 μl MTT (10 mg/ml stock) was added to these samples and incubated
for 4 h at 37 �C.

After the incubation is completed, absorbance at 585 nm using BMG
Labtech FLUOstar OPTIMA, a microplate reader. Figure 6 shows that
the self-passivated graphene quantum dots provide maximum cell
viability.
8

The IC50 is the value that demonstrates how much concentration of
the drug is required to minimize the binding of another drug with an
enzyme by 50%. Under certain conditions, it can be used to express the
affinity of the enzyme inhibitor. As mentioned in Table 1, it is clearly
visible that the IC50 value of our final sample, i.e., drug loaded micro-
sphere solution, is very low as compared to the other two samples.

AO/Et–Br staining was applied to identify morphological changes
indicative of apoptosis in the cell nuclei. The cell nucleus of a cell is
stained green by AO, a cell-permeable dye that intercalates with DNA to
do so. The cells turn orange when Et–Br, in contrast, enters cells with torn
plasma membranes and intercalates with double-stranded DNA. In
Figure 7 NCI–H522 cell line were stained with a combination of acridine
orange (AO) and ethidium bromide (Et–Br). No significant apoptosis was
observed in the healthy control group, and the live cells adopted acridine
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orange and green hues along with typical and healthy cell shapes, but the
cells treated with IC50 value of Gefitinib loaded microspheres appeared
with a constricted nucleus and compromised membrane appear
yellowish-orange in color, signifying early or late apoptosis phases, while
necrotic cells appear red.
3.6. FESEM analysis of microspheres

Surface morphology assumes to be an essential part of the drug
release profile of entrapped drugs, i.e., Gefitinib in the microspheres.
Size, in addition to the smooth morphology of the microspheres, governs
the release characteristics of polymeric microspheres as well as the initial
burst release. Smaller microspheres have a high surface area to volume
ratio, i.e., they have a bigger area that will be exposed to the medium in
which they are dissolved, which will influence towards the higher drug
release rate. Here from Figure 8, it can be observed that synthesized
microspheres are mostly in the micrometer size range; hence they have a
favorable condition for small initial burst release and then followed by
sustained release of drugs which is a favorable quality. Moreover, in
Figure 8(a, b, c, d), the images are taken at different scales by which it can
be clearly observed that the microspheres are smooth and almost
spherical in shape.
3.7. Degradation study of microspheres

Figure 9 represents the close view of the degraded microspheres
where the pores are clearly visible. The hydrolytic reaction took place
when microspheres came into contact with PBS at pH 7.4. It can be
observed that when microspheres are placed into the PBS buffer as the
time passes, the formation of pores begins, and microspheres start to
degrade and eventually forms clusters leaving their identical spherical
structure behind. Figure 9(a) shows that the microsphere has been totally
ruptured after 20 days and in Figure 9(b, c, d, e) we can see the changes in
surface morphology of microspheres as the degradation process proceed
with the increasing number of days.
3.8. In-vitro drug release from microspheres

The drug release rate of the Gefitinib-PEG-GQDs microsphere was
done In-vitro with the help of the UV-Vis spectrophotometry technique. A
calibration curve was plotted with the known drug concentration. The
concentrations calculated from the standard curve were used to portray
Figure 10. The in-vitro release profile for Gefitinib loaded microspheres at pH
4.5 and pH 7.4, respectively.
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the cumulative discharge of the drug from microspheres with respect to
time.

A drug release study is done in an acidic and basic pH environment for
a comparative release study. For acidic pH, acetate buffer of pH value 4.5
was used, and for basic pH, PBS buffer solution with a 7.4 pH value was
used. The time-dependent drug release profile of microspheres is shown in
Figure 10. The drug release profile of Gefitinib-PEG-GQDs microspheres
has shown a biphasic pattern. Initially, the release rate was rapid, which
was followed by sustained release. After 48 h, the released Gefitinib was
around 65% at acidic pH, i.e., 4.5 on the pH scale, which reflects the
sustainable environment for the cancer cell. The quick-release of the drug
in the first 48 h is suggested due to the release of the adsorbed drug on the
outer shell of the microspheres. This exact mechanism for the drug release
is still in debate, but our hypothesis for the same is that when the adsorbed
drug is removed and the polymer surface starts degrading, then the outer
layer starts acting as the permeable membrane. After the creation of a
permeable outer membrane, the drug molecules start diffusing out via this
layer in a controlled fashion. The brisk release of Gefitinib under acidic
conditions may be because of destabilized electrostatic interactions.

At basic pH, which is similar to physiological conditions, the drug
release from Gefitinib loaded microspheres was slower as compared to
the acidic microenvironment, which makes them appropriate applicants
for target drug delivery of cancerous cells because cancerous cells show
sustainable growth only acidic environment and in the basic environ-
ment these cells can-not have sustainable growth. In this way, we can
conclude that slower release in a basic environment and higher release in
an acidic environment serve the purpose of targeted drug delivery
capability of microspheres.

4. Conclusion

The graphene quantum dots were synthesized using PEG as source
material because of their excellent biocompatibility and ethanol as a
solvent because of the selected drug (Gefitinib) solubility. The fluores-
cence of the PEG-GQDs falls in the array of blue spectra in the VIBGYOR
spectra with an excellent dispersibility insolvent. The drug (Gefitinib)
was first conjugated with PEG-GQDs and then incorporated into micro-
spheres using a single emulsification method. The main reason for
choosing the single emulsificationmethod over the double emulsification
method is that by doing double emulsification, the shape and
morphology of our microspheres are disturbed, and many variations in
size have been seen but by using the single emulsification method, the
size of microspheres was uniform and monodispersed. Hence, we can
conclude that this method of drug delivery is suitable for direct delivery
of the drug at the active site of lung cancer and can be more efficient than
the oral drug delivery method.
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