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Fabrication of PLGA nanoparticles using combination of PCL
PVA PEG copolymer as surfactant: In vitro characterization and

cytotoxicity study
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Background: The present study aimed to fabricate Poly Lactic acid Co-Glycolic
Acid (PLGA) nanoparticles loaded with resveratrol using a novel graft co-
polymer surfactant named soluplus®.

Materials and Methods: The PLGA nanoparticles were prepared in the present
study using polyvinyl caprolactam, polyvinyl acetate polyethylene glycol
amphiphilic graft copolymer named soluplus® as surfactant through double
emulsification and single emulsification-solvent evaporation method. The
formulations were prepared successfully to encapsulate the drug resveratrol,
and then evaluated for their particle size, polydispersity index, zeta potential,
drug loading and the degree of entrapment of the drug. Using a scanning
electron microscope, the nanoparticles' morphology was investigated. In vitro
drug release was evaluated, and the release pattern was evaluated using
mathematical pharmacokinetic modelling. A comparative cytotoxicity study
between free drug and prepared nanoparticles using MTT assay was carried
out for cell viability evaluation. Uptake and internalization of nanoparticles
were also studied using confocal fluorescence microscopy.

Results and Discussion: The outcomes showed that PLGA nanoparticles
may be successfully fabricated utilising soluplus as a polymer surfactant.
The drug, polymer and the all the excipients were found to be compatible
and did not indicate any interaction. The results also indicated the prepared
nanoparticles Surfactants-2 (SF2) as suitable resveratrol delivery vehicle in
terms of the compliant particle size (344.6 nm + 6.63 nm), polydispersity index
(0.962), zeta potential (-18.5% * 1.21%), drug loading (18.94% + 0.27%), the
entrapment efficiency (39.62% + 0.17%) and drug release (75.13% + 0.17%).
The shape and surface morphology of the formulated nanoparticles were found
to be spherical and smooth. Cytotoxicity study also demonstrated significant
reduction of cell viability by the nanoparticle compared to free resveratrol. The
highest cytotoxicity of SF2 against Michigan Cancer Foundation-7 (MCF7) cell
was found in 2000 nM concentration with 3.03% * 0.05% of cell viability. It was
found that the percentage of growth inhibition was increasing with increasing
concentration of SF2 and Inhibitory Concentration (IC)50 value of this assay
was 108.94 pg/ml.

Conclusion: It has been found that the resveratrol loaded PLGA nanoparticles
were successfully formulated and found to perform better in terms of efficacy
and cytotoxicity.
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INTRODUCTION

In biomedical research, particularly for applications involving
drug delivery, Polymeric Nanoparticles (PNPs) preparation
techniques are of great interest. PNPs have several goals in drug
delivery applications, including controlled drug release,
biocompatibility with tissues and cells, higher intracellular uptake
than free drugs, improved stability of active ingredients, and the
ability to target particular tissues [1-3]. The PNPs size is an
important consideration in the design of these systems; they
should be large enough to slow down incorporation into blood
vessels while still being small enough to avoid immune system
destruction [4]. To satisfy each of these requirements, the PNP
preparation methods should be examined and modified for each
active substance. Additionally, in order to produce reproducible
large batches, it is crucial to study the PNP preparation methods
[5, 6]. The most popular polymer used in the production of PNP
is Poly Lactic acid Co-Glycolic Acid (PLGA). Because of its
biodegradability and low systemic toxicity, PLGA is successfully
used in the research of drug delivery systems and has received
FDA approval for use in medical applications [7-10].

Several techniques, including emulsification evaporation,
nanoprecipitation or solvent displacement, solvent diffusion, and
phase-inversion, can be used to formulate PNP using PLGA into,
with sizes ranging from 10 nm to 1000 nm [11]. When
encapsulating hydrophobic compounds, two of the most
commonly used techniques are the emulsification-solvent
evaporation technique and the nanoprecipitation technique [12].
Solution for the efficient formulation of hydrophobic drugs has
been emerged with the use of nano size polymeric particles. In
addition to their rapid dissolution rate, these systems are highly
regarded for their high bioavailability after oral administration,
because of enhanced absorption of the medication. Their
capacity to solve issues related to poorly lipid- and water-soluble
medicines is unique because to their simplicity and advantages
over alternative delivery systems. Nanoscale drug particles were
produced as colloidal dispersions using an appropriate technique
and stabilizer [13-16]. In breast cancer models, resveratrol is
shown to suppress the expression of cyclin D1 and E as well as
cyclin-dependent kinases 2 and 4 along with Insulin-like Growth
Factor-1 (IGF-1) by minimizing the expression of cell cycle
regulatory proteins [17-20]. As a result of the low solubility and
instability of resveratrol, its activity is limited, as it is not readily
bioavailable and is readily metabolized [21-24]. A very scant

amount of literature exists on the preparation of formulations of
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resveratrol that will increase its efficacy and overcome its related
issues. In fact, targeting natural bioactive is one of the greatest
challenges [25-27]. It was the purpose of our study to explore the
use of an amphiphilic polymeric, soluplus®, in the stabilization
of nano formulations which were designed and evaluated to be
effective for the administration of resveratrol, a poorly soluble
model drug used in this study. Especially manufactured by BASF
for formulating poorly soluble drugs, Soluplus® is a polyvinyl
caprolactam-polyvinyl acetate-polyethylene glycol amphiphilic
graft copolymer. Since it is bifunctional, it is expected to function
as an effective matrix for dissolving drugs in water. In the
fourth generation of solid solutions, soluplus® is a new polymer
specifically designed to enhance dissolution. Drugs that are poorly
soluble can be made more soluble and bioavailable by soluplus”.
The objective of this study to determine whether soluplus® can be
used to synthesize nanoparticles as a surfactant to enhance their
wetting characteristics and decrease agglomeration, as well as to
evaluate the drug loading and entrapment eficiency, particle size,
polydispersity index, zeta potential and surface morphology of the
prepared drug loaded nanoparticles.

MATERIAL AND METHOD
Drug and chemicals

The PLGA (85:15, M 200,000) was purchased from Sigma
Aldrich, as it is a commercially available product. A gift sample
of Resveratrol was provided by Zorion Drugs and Herbs Pvt.
Ltd, Ambala. As for soluplus’, a graft co-polymer of polyvinyl
caprolactam-polyvinyl acetate-polyethylene glycol, it was provided
as gift sample from BASF (USA). For the purpose analytical grade

chemicals were used.
Drug excipient compatibility

It is possible for the drug degradation to occur as a result of the
interaction between the drugand the excipient. Compatibility of
the excipients is crucial for the formation of stable and efficient
dosage forms. With FTIR spectroscopy, potential medication
interactions were invcstigated.

FTIR (Fourier-Transform Infrared spectroscopy)

The FTIR spectra for a physical blend of pure drug and excipients
was obtained by using FTIR spectrophotometer (Bruker
Instrument, Germany) and analysed the obtained IR spectra
to ascertain the interaction between the drug and the prepared
lyophilized formulation by comparing their FTIR spectra at
wavelengths between 400 cm™ and 4000 cm™.

Formulation of nanoparticles

Soluplus® as a stabilizer in Double Emulsi ication
and Solvent Evaporation (DESE) method:

Resveratrol-loaded PLGA polymer-based nanoparticles were
produced by employing soluplus® as a surfactant in different
amounts and concentrations. 2.5 milliliters of dichloromethane
were used to dissolve 10 mg of resveratrol. In the medication and
dichloromethane solution, about 20 mg of polymers PLGA were
dissolved (drug-polymer ratio: 1:2). 2.5 ml of 1.5% w/v Soluplus’
was homogenized dropwise for 20 minute-30 minute at 3,000
rpm in order to produce a rich, creamy emulsion. The creamy
foam consistency of the main emulsion was homogenised with 25
ml of 0.5% w/v Soluplus® for 20 minutes—30 minutes at 18,000

rpm to create a secondary emulsion. The secondary emulsion
was sonicated for 45 minutes, and then the organic solvents were
removed by stirring it with a magnetic stirrer overnight. The larger
particles that developed in the double emulsion were disposed of
after five minutes of centrifugation at 5,000 rpm. The supernatant
was centrifuged once more for 30 minutes at 7,000 rpm. It was
then rinsed three times with distilled water and freeze-dried to
produce nanoparticles. The code designation assigned to thisinitial
formulation was Surfactants-1 (SF1). It was made using Soluplus’
in primary and secondary emulsions at the same concentrations
(1.5% w/vand 0.5% w/v), but in secondary emulsions, the volume
was increased from 5 ml to 50 ml [28, 29].

Single Emulsi ication and Solvent Evaporation
(SESE) using soluplus® as stabilizer:

A quantity of 2.5 ml of dichloromethane was used to dissolve 10
mgofresveratrol. The drug to polymer ratio is 1:2 with the addition
of 20 mg of polymer. A 10 minute to 15 minute homogenization
at 15,000 rpm after dropwise adding the drug-polymer solution
to 50 cc, 2.5% w/v soluplus’ resulted in an emulsion. The
development of stable emulsions is indicated by creamy emulsions.
Dichloromethane was extracted using a 45 minute sonication and
12 hours-14 hours of gentle magnetic stirring. The solution was
repeatedly rinsed three times with distilled water after centrifuging
it for 30 minutes at 15,000 rpm to remove the surfactant, and the
nanoparticles were freeze-dried. Surfactants-3 (SF3) was the code
designation for the formulation. Furthermore, utilising 1.5% w/v
soluplus’, 50 ml of formulation Surfactants-4 (SF4) was made [30,
31].

Characterization of PLGA nanoparticles

Percentage vyield, drug
entrapment efficiency:

loading and

The following formula was used to determine the yield, or
g y
percentage, of nanoparticle formulations made using both the

DESE and SESE procedures [14]:

Weight (nanaparticles abtained) 100
X

Percentage Yield = Weight(drug and polymer used for nanoparticles prepamtiun)

The entrapment and loading efficiency of the nanoparticles were
measured using a centrifuge tube loaded with dichloromethane
and 2 mgof Resveratrol-laden nanoparticles. In a shaker incubator,
the mixture was continuously shaken for three to four hours at
37°C. Using centrifugation, the continuous and dispersed phases
were separated. Using a UV-Visible spectrophotometer set to 475
nm in wavelength, the concentration of the collected supernatant
was evaluated in order to ascertain the drug release. We employed
the following formulas to get the percentages of drug loading
efficiency and entrapment efficiency [30, 31]:

Drug Amount present in nanoparticles
x

Drug loading efficiency ( %) = 100

Drug Amount loaded nanoparticles

Drug Amount present in nanoparticles 100
X

Entraapmentefj'iciency(%) = ntial Drie A + odded
niia. rug Amount adae

Particle size and zeta potential:

Using solid-state lasers, a Malvern Nano ZS$90 outfitted
with a Dynamic Light Scattering (DLS) system was used to
measure the sizes and distributions of nanoparticles. Prior to



measurement, an appropriate quantity of desiccated nanoparticles
was dissolved in double-distilled water and subjected to a
reasonable duration of sonication. Next, the size distribution of
the homogeneous suspension, the polydispersity index, and the
average hydrodynamic particle size were computed. The Malvern
NANO ZS90 was also used to detect Zeta Potential (ZP). ZP
provides information on the particle surface charge and long-term
stability of dried nanoparticles from every formulation. Before
measurement, these nanoparticles were suspended in double-
distilled water and subjected to a reasonable amount of sonication.

Scanning Electron Microscopy (SEM):

Using a scanning electron microscope, the formed nanoparticles'
shape and surface morphology were investigated (Hitachi SEM,
$-3600 N). To obtain an adequate sample of nanoparticles, a
sample was placed onto metal stubs using double-sided carbon
tape and broken with a razor blade. After the samples were gold-
sputter coated, their morphology was investigated in an argon
atmosphere using a secondary electron emissive SEM.

In vitro drug release study:

To investigate drug release from formed nanoparticles, a phosphate
buffer with a pH of 7.4 was utilised. Eppendorf tubes containing 5
mgoffreeze-dried nanoparticles were filled with 2 ml of phosphate
buffer and incubated at 37°C for drug release investigations.
Following 0, 1 hour, 3 hours, 6 hours, 9 hours, 12 hours, 24 hours,
36 hours, and 48 hours of shaking at 120 rotations per minute,
the samples were centrifuged. After that, 0.5 ml of the supernatant
was taken and its concentrations were evaluated using a UV-visible
spectrophotometer set to 475 nm in order to determine the drug
release study's rate. The buffer with the same pH was used in place
of the withdrawal volume.

In vitro drug release kinetic study:

It is crucial to investigate the method by which medications
are released from nanoparticles in order to comprehend their
pharmacokinetic properties. Based on kinetic equations, such
as zero-order, first-order, etc., in vitro drug release data were
analysed, and graphs were created using these equations. based on
charts that are linear. To find R* and k, a regression analysis was

conducted [32, 33].
Cytotoxicity assay using MCF7 cells:

Formazan was used to measure the cytotoxicity of blank and
resveratrol-encapsulated nanoparticles on MCF-7 breast cancer
cells by reducing 3-(4, S-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide (MTT, Sigma) [34-37]. In short, MCF7
(mice breast cancer cell line) cells were sown in a 5000/well flat-
bottom 96-well culture plate. After that, it was incubated for 24
hours with various PLGA-NP concentrations (0 nm-2000 nm
Resveratrol equivalent) and drug free. After the medium was
withdrawn, the cells were incubated with MTT solution (5 mg/
ml in PBS) at 370°C. Untreated cells were used as the control
group. After three hours of incubation, the supernatant was
collected, and the cells were then treated with 100 uL of DMSO
to dissolve the dark blue formazan crystals. The absorbance was
then measured at 570 nm using an ELISA reader.

Cellular uptake of nanoparticles by confocal
fluorescence microscopy:

The MCEF7 cells' absorption of PLGA-NPs was evaluated
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qualitatively between 38 and 43. Fluorescein Isothiocyanate
(FITC) labeled PLGA NPs were employed. Using fluorescence
microscopy, the presence of NPs in breast cancer cells (MCF?7)
was investigated. In short, MCF-7 cells were sceded with
Dulbecco's Modified Eagle's Medium (DMEM) onto a 24-well
plate, with 10,000 cells per well, following pre-treatment. DAPI,
or 4, 6-diamidino-2-phenylindole, was employed to label the cell
nucleus. To summarise, the cells were trypsinized, then washed
with PBS and fixed for 10 minutes with 3.7% formaldehyde. The
cells were washed, then treated for five minutes with 0.2% Triton
X-100, and lastly for five minutes with an appropriate volume of
DAPI labelling solution (1:5000 DAPI in PBS). Following PBS
washing, fluorescent microscopy was used to analyse the cells [38-

43).

RESULTS
Drug-excipient compatibility studies

The principal and distinguishing peaks of the medication and
the excipients were preserved, as we have seen from the separate
FTIR spectra of PLGA, Resveratrol, and Soluplus®, as well as by
comparing them to the FTIR spectrum obtained for the physical
mixture of PLGA—resveratrol—soluplus® (Figure 1). Consequently,
the excipients did not exhibit any incompatibility, indicating that
they were likewise totally stable. The FTIR spectra of resveratrol
shows a significant olefinic band at 965 cm™ and 3293 cm?, which
is caused by OH stretching vibration. The band at 1383 cm™ and
1586 cm™ shows that resveratrol demonstrates CO stretching.
In the FTIR examination of the PLGA polymer, peaks at wave
numbers 692 cm™, 1008 cm’!, 1370 cm’, 1627 cm™, 1960 cm?,
and 2257 cm™ were plainly apparent. Furthermore, the peaks in
both the PLGA and nanoparticles at 2441 cm™ and 3406 cm’
verify that PLGA is present in the formulation. The OH stretching
band shifts to a higher wave number due to the hydrogen bonding
between the hydroxyl groups in resveratrol and the carbonyl
groups in PLGA.

Nanoparticle preparation

In this work, resveratrol-containing nanoparticles were produced
using two different methods. Table 1 shows two evaporation
methods: Single Emulsion Solvent Evaporation (SESE) and
Double Emulsion Solvent Evaporation (DESE). It was discovered
that formulations with the necessary size, encapsulation, and
surface qualities could be created using either of the approaches.
The full emulsification of the organic and aqueous phases is the
most important component of the emulsion process. PVA is a
regularly used stabiliser, although several stabilisers are employed
as well. In this investigation, Soluplus® was utilised in place of
PVA. Table 2 demonstrates that both approaches provide enough
particles, suggesting an improved formulation.

Characterization of nanoparticles Scanning
Electron Microscopy (SEM) and particle size
analysis

SEM pictures of NPs with spherical forms and smooth surfaces
may be seen in figure 2 below. Table 2, demonstrates that the
resveratrol-loaded particles were uniformly distributed and
submicron in size under the experimental conditions based on
their polydispersity index results.
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Fig. 1. FTIR spectrum of resveratrol, plga, soluplus® and physical mixture

Tab. 1. Nanoparticles compositions

(SF1-SF4) and percentage yield of

the nanoparticles

Formulation code SF1 SF2 SF3 SF4
Resveratrol (mg) 10 10 10 10
Polymer used PLGA 85:15 PLGA 85:15 PLGA 85:15 PLGA 85:15
Amount of polymer (mg) 20 20 20 20
Method used DESE DESE SESE SESE
Stabilizer soluplus® Primary 1.5and 2.5 1.5and 5 2.5 and 50 1.5and 50
(% w/v) and volume
(ml) Secondary 0.5and 25 0.5 and 50 --- -
Percentage yield 73.52 73.78 72.78 74.87

Fig. 2. SEM images of prepared PLGA nanoparticles (A- SF2, B- SF3 and C- SF4)

The spherical nature of polymeric nanoparticles was demonstrated
by SEM pictures. The lyophilized resveratrol-loaded polymeric
nanoparticles in the optimised formulation had a cumulative per-
centage drug release of 75.13% + 0.17% after 48 hours, which was
higher than that of the prior formulations. The efficacy, safety,
and therapeutic effect of chemicals can be negatively impacted
by a variety of circumstances, such as insufficient drug delivery
to the intended tissues or unfavourable side effects including ex-
treme toxicity in healthy tissues. When a medication is enclosed
in nanocarriers with specific and foreseeable characteristics, the
medication's bioavailability is increased and its adverse effects are
decreased. Based on their physicochemical properties, the size dis-
tribution of particles within nanocarriers influences their propen-
sity to collect in target tissues. Therefore, in order to create safe,
stable, and effective nanocarriers, homogeneous (monodisperse)
populations of nanocarriers of a particular size must be prepared.
However, without considering the makeup of the nanocarriers
and the type of solvents and cosolvents used to create them, con-

trolling the distribution of particle sizes is difficult [44, 45].

Polydispersity Index (PDI) and zeta
potential (mV)

They need to be defined in order to guarantee that both in vitro
and in vivo applications can be carried out on the polydispersity
index, or PDI. An essential variable in characterising the par-
ticle size distribution is the Polydispersity Index (PDI). This in-
dex lacks a dimension and is scaled to only be seen in standards
with large monodisperse distributions, which often have values
less than 0.05. Because of its wide particle size distribution, an
example with a particle size distribution greater than 0.7 is un-
likely to be further improved. It is possible to identify size and
PDI parameters (0.05-0.7) using a range of size distribution al-
gorithms when the data falls between these two extreme values of
PDI [46]. In terms of particle size, PDI, and zeta potential, the
Surfactants-2 (SF2) formulation outperformed all other nano-
formulations by a wide margin. To ascertain the surface charge of



nanoparticles loaded with resveratrol, Zeta Potential (ZP) was as-
sessed. The zeta potential of nanoparticles influences both their
pharmacokinetics and biodistribution outside of the physiological
milieu. Negatively charged nanoemulsions are easily absorbed by
the reticuloendothelial system and are excreted more quickly than
neutrally or positively charged nanoemulsion. Moreover, the kind
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of binding that occurs between medications and nanoparticles as
well as the zeta potential of the latter two influence drug loading
efficiency and the rate at which pharmaceuticals can be reabsorbed
from nanoparticles. Determining whether the medicine or active
component is adsorbing on the surface of the nanoparticles or is
encapsulated at the center can also be helpful.

Drug Loading Entrapment Effi-

Tab. 2. Characte.ristics of res.veratrol Formulation | Particle Size | Polydispersity | Zeta Potential (%) ciency (%)

loaded polymeric nanoparticles us- Code (nm) Index (PDI) (mv)

ing Soluplus® as surfactant (Mean * SD)
SF1 568.7 +£9.87 0.716 -23.2+1.08 17.90% +0.16% 36.78% + 0.16%
SF2 344.6 £6.63 0.962 -18.5+1.21 18.94% + 0.27% 39.62% +0.17%
SF3 526.2 £12.36 0.917 -18.4+1.33 18.12% + 0.13% 35.18% + 0.14%
SF4 571.3+£11.97 0.977 -16.8 £1.09 18.21% + 0.26% 36.43% +0.21%

It has been shown that negatively charged nanoparticles are more
slowly eliminated from the system and remain in the bloodstream
longer than positively charged nanoparticles following intravenous

delivery. Studies also show that nanoparticles' cationic charge, or
negative zeta potential, increases their cytotoxicity (Figure 3).
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Fig. 3. The SF1 and SF2 particle size distribution curves

The oppositely charged cell membrane may become unstable and
even damaged as a result of the interaction between nanoparti-
cles and the membrane [47]. Additionally, it was discovered that
the formulations had negative, demonstrating the stability of the
polymeric nanoparticles. When used as a surface-active agent,

Soluplus*prepared PLGA nanoparticles show encouraging zeta
potential profiles for encasing hydrophobic medications like res-
veratrol. Considering all of the results, Soluplus® was shown to be
a somewhat mediocre (in comparison to PVA) option when cre-
ating PLGA nanoparticles in this investigation (Figure 4 and 5).
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Entrapment efficiency and drug loading

both drug loading and entrapment efficiency, based on the values

The percent entrapment efficiency and percentage drug loading of of these parameters. Metrics like drug-polymer ratio, homogeniza-
the formulations were observed to vary, with values ranging from tion rate, and stabiliser are important parameters that affect drug
17.90% + 0.16% to 18.94% + 0.27% and from 35.18% + 0.14% loading and entrapment effectiveness. Using PLGA polymer, it
t0 39.62% =+ 0.17%, respectively. The drug polymer ratio and sta- was discovered that drug loading was seven times more at a 1:1
biliser concentration were shown to be significantly influencing drug to polymer ratio than at a 1:3 ratio (Figure 6) [48].
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Fig. 6. Drug loading and entra

nanoformulations. SF2 proved to perform noticeably better than the other
formulas (**p<0.01)

In vitro drug release and pharmacokinetic mod-
eling of resveratrol loaded PLGA nanoparticles

The in vitro drug release ranges for all formulations were deter-
mined to be 18.82% + 0.14% to 22.36% + 0.23% at one hour.
The release was discovered to be between 40.27% + 0.11% and
47.97% + 0.13% at the third hour. The acquired data also dem-
onstrates that, as opposed to a dramatic explosion of release dur-
ing the first three hours of the in vitro investigation, drug release

Tab. 3. In vitro drug release data
from PLGA nanoparticles

Time (hours)

Surfactants-1 (SF1)

pment efficiency of SF1-SF4

increases steadily after the third hour. This release pattern could be
the result of PLGA degradation at first, followed by gradual diffu-
sion up t0 75.13% + 0.17% after 48 hours. In comparison to other
formulations, formulation (SF2) had the maximum drug release
0f 75.13% + 0.17% at 48 hours. When the release kinetic pattern
of these in vitro drug release data was examined, the R2 values in-
dicated that there was zero order release kinetics after strong lin-

carity in the Korsmeyer-Peppas plot (Figure 7 and Table 3).

Cumulative percentage drug release (Mean + SD)

Surfactants-2 (SF2) | Surfactants-3 (SF3) | Surfactants-4 (SF4)

0 0

1 19.94% + 0.09%
3 43.34% + 0.06%
6 45.09% *+0.1%

9 49.73% + 0.09%
12 53.39% +0.16

24 58.56% + 0.11%
36 64.65% * 0.08%
48 68.94% +0.1%

0
22.36% + 0.23%
47.97% +0.13%
53.32% + 0.08%
57.61% +0.1%
59.75% +0.11%
64.75% + 0.06%
70.51% +0.15%
75.13% £ 0.17%

0
18.82% + 0.14%
40.27% +0.11%
43.91% + 0.15%
48.33% +0.13%
50.96% + 0.07%
55.41% +0.17%
60.44% +0.1%
64.09% +0.12%

0
19.24% + 0.15%
41.28% +0.19%
43.61% +0.11%
47.02% + 0.08%
50.13% + 0.07%
53.2% + 0.09%
57.35% +0.13%
61.02% + 0.16%
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The drug release from the polymeric formulations is confirmed capsulated system, the above finding clearly implies zero order re-
by the kinetic modelling of the in vitro drug release data, which lease along with a diffusion process.

shows the release process based on the Korsmeyer-Peppas model. Table 4 below displays the various rate constants and release expo-
The drug releases eventually. Its release mechanism also follows nents that were computed from drug release research data using
Fickian diffusion, according to formulation SF2, as indicated by different kinetic models.

the n value of 0.148. For the drug release from the polymeric en-
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Fig. 7. Graph showing the cumulative percent drug released vs time profile
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ferent kinetic models R?, R?, R?, R%, R n
SF1 0.984 + 0.0073 0.661 £ 0.0052 | 0.838+0.0029 | 0.306 +0.0043 | 0.976 = 0.0087 0.128 £ 0.0017
SF2 0.984 + 0.0075 0.598 £ 0.0087 | 0.793 +0.0082 | 0.288 +0.0077 | 0.965 + 0.0076 0.119 £ 0.0028
SF3 0.963 £ 0.0062 0.673 £0.0053 | 0.823+0.0014 | 0.308 +0.0017 | 0.989 + 0.0091 0.164 £ 0.0053
SF4 0.984 £ 0.0021 0.672 £0.0061 | 0.803 +0.0014 | 0.302 +0.0014 | 0.987 + 0.0096 0.168 £ 0.0052

Cytotoxicity evaluation using MTT assay

A cytotoxicity research was conducted using SF2 against MCF7
cell lines at various doses in order to determine the ICS0 (50%
growth inhibition) using the MTT test. Figure 8 presents the out-
comes of various SF2 concentrations. When SF2 was compared
to control and free drug, the MTT assay revealed a substantial
impact on MCF7 cells in concentration ranges between 100 nM
and 2000 nM. At 2000 nM concentration, SF2 exhibited the
maximum cytotoxicity against MCF7 cells, maintaining 3.03% +

Tab. 5. EC, values for the free resve- Sl. No.

ratrol and the PLGA nanoparticles in 1
the MCF7 cells

2 PLGA nanoparticles (Resveratrol loaded)

0.05% of cell viability. It was discovered that as SF2 concentra-
tion increased, the percentage of growth inhibition increased as
well. The assay's IC50 value was 108 pg/ml. Using linear regres-
sion analysis in the Graph-Pad Prism software programme, the
IC50 values for the PLGA nanoparticles and free resveratrol in
the MCF7 cells were also determined. The results indicate that
the IC50 values for PLGA nanoparticles and free resveratrol were
108.94 pg/mL and 231.52 pg/mL, respectively (Table 5).

Composition/Product EC,, (ng/mL)

Free resveratrol 231.52 pug/mL

108.94 pg/mL

Fluorescent imaging microscopy: uptake of microscopy. The Uptake of FITC labeled FITC labeled PLGA

nanoparticles by the breast cancer cells (MCF7) nanoparticles were also evaluated by fluorescent imaging micros-

To investigate whether Resveratrol-encapsulated NPs were in- €OPY (Figure 8). The results showed that FITC labelled PLGA

ternalized into the breast cancer cell line MCF?7, cellular uptake nanoparticles were internalized into the MCF7 cells effectively.

of FITC labeled PPF-NPs were analyzed by fluorescent imaging
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Fig. 8. Bioevaluation using cytotoxicity assessment of the PLGA nanoparticles A. Cytotoxicity as compared free drug B. Results of fluorescent imaging
microscopy showing the internalization PLGA nanoparticles in control MCF7 cells and C. Results of fluorescent imaging microscopy showing the internal-
ization PLGA nanoparticles into the MCF7 cells

DISCUSSION

Polylactic-co-Glycolic Acid (PLGA), a biodegradable polymer-
based nanoparticle, is widely used to solve problems with drug
insolubility, plasma circulation, and plasma concentration of dif-
ferent medicinal and active therapeutic components [49]. In addi-
tion to weakly soluble or lipophilic medications, these polymeric
nanoparticles can target genes found in cancer tissues. Because
tumour cells share physiological traits such as leaky vasculature
and lack of a lymphatic system, they favour an effect known as the
Enhanced Permeation and Retention (EPR) effect. Furthermore,
because nanoparticles can enter cells and lessen P-glycoprotein-
mediated cell efflux, they can slow the development of multiple
drug resistance. However, developing a targeted, attractive, and
active delivery system that can increase drug internalization at
the cancer site is a difficult task [50, 51]. Polymeric nanoparticle-
based drug delivery techniques are one of the fastest-growing areas
of nanotechnology. Numerous medications, including biologic
macromolecules, hydrophilic and hydrophobic small medicines,
vaccinations, and oral and inhalation uses, may be delivered via
nanoparticles. Additionally, these particles are very stable, very
carrier-competent, and capable of incorporating both hydrophilic
and hydrophobic materials [52, 53]. In the current work, resve-
ratrol-loaded polymeric nanoparticles were produced using the
double and single emulsion-solvent evaporation techniques. A sta-
biliser called soluplus® was employed. The synthesised polymeric
nanoparticle formulations loaded with resveratrol were evaluated
for their physiochemical properties. Based on characterization, a
formulation was selected as the best formulation. Using Scanning
Electron Microscopy (SEM), the optimised formulation's mor-
phological characteristics were further examined. The spherical
nature of polymeric nanostructures was demonstrated using SEM
pictures. Compared to carlier formulations, the optimised for-
mulation demonstrated a greater cumulative percentage drug re-

lease of lyophilized Resveratrol-loaded nanoparticles at 48 hours,
75.130% =+ 0.17%. Based on in-vitro drug release kinetics studies,
R? values in the Korsmeyer-Peppas plot were shown to be more
linear, and zero order kinetics followed. The drug release exponent
(n value) was less than 0.5, according to the Korsmeyer-Peppas
plot, suggesting "Fickian diffusion” of the drug from the matrix
type nanoparticle formulation. In the end, the purpose of the
study was accomplished by developing a controlled release mecha-
nism nanoparticulate drug delivery system for resveratrol using
Polylactic Acid (PLGA). The method used in this work allowed
for the rapid and reliable fabrication of a scaffold of nanoparticles
with a homogeneous, spherical morphology. Several investigations
that produced PLGA base nanoparticles reported similar results,
which were then published in the literature [54-57]. As a result,
it can be concluded that the formulation developed in this work
holds potential for use as a long-term cancer therapeutic treatment
for anticancer drug delivery [58, 59]. This work aimed to design
and create a customised delivery system for resveratrol to improve
its absorption by breast cancer cells and address related concerns.
This work develops a novel drug delivery strategy by emulsifying
PLGA nanoparticles with resveratrol. The hypothesis posits that
the intravenous administration of Nanoparticles (NPs) will facili-
tate the sustained delivery of resveratrol to a particular tumour site
while safeguarding it from fast breakdown [59, 60]. To specifically
deliver resveratrol to tumours, nanoparticles containing the syn-
thesised biodegradable target specific moiety were generated us-
ing the Double Emulsion Solvent Evaporation (DESE) and Single
Emulsion Solvent Evaporation (SESE) procedures [61, 62]. In the
current investigation, Soluplus was used as a surfactant or poly-
meric stabiliser. The following characteristics of each synthesised
nanoparticle were assessed: drug loading, entrapment efficiency,
zeta-potential, and particle size. Since the nanoparticles made
with Soluplus as a stabiliser yielded the anticipated outcomes,
Scanning Electron Microscopy (SEM) was used to analyse the



surface morphology. In order to investigate the in vitro cytotoxic-
ity effect of PLGA NPs, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphe-
nyl tetrazolium bromide (MTT, Sigma) was reduced to Forma-
zan using a breast cancer cell line, including MCF7 [63]. The
potential cytotoxicity of synthesised blank PLGA-NPs was also
examined. These were employed as a control sample. On MCF7
cells, the in vitro cytotoxicity of free medicine and PLGA-PEG
was also assessed. The findings demonstrated that PLGA-NPs
exhibited more cytotoxicity than the drug in its unbound state.
The cellular absorption of FITC-labelled PLGA-NPs was evalu-
ated by fluorescence imaging microscopy to determine whether
the Resveratrol-encapsulated NPs were internalised by the breast
cancer cell line MCF7. FITC-labeled PLGA-NPs had a signifi-
cantly (p<0.05) higher absorption rate than the control. Fluo-
rescence imaging microscopy results demonstrated the successful
internalisation of FITC-labeled PLGA-NPs into MCF7 cells. In
summary, the present study demonstrated the successful fabrica-
tion of PLGA nanoparticles containing resveratrol and the con-
siderable enhancement of the drugs cytotoxicity and distribution
by formulation. The investigation also demonstrated the potential
surfactant efficacy of soluplus® in the synthesis of nanoparticles.
However, there are many limitations to this work, one of which
is the lack of an in vivo study to validate the in vitro findings. In
addition, the MTT cytotoxicity experiment might have included
a normal cell line to offer a contrast that would have bolstered the
study's findings. Future studies could be carried out to produce
more PLGA nanoparticles and evaluate them more thoroughly
utilizing animal models.

Ranjan S. et al. Fabrication of PLGA nanoparticles using combination...

CONCLUSION

In this study, PLGA nanoparticles containing Resveratrol were
produced using single and double emulsion-solvent evaporation
techniques, with Soluplus® acting as a stabilising agent. The for-
mulation (SF2) was chosen as the best formulation based on its
characterisation. Its morphological characteristics were examined
with a Scanning Electron Microscope (SEM). SEM images re-
vealed polymeric nanoparticles in the shape of spheres. Following
a 48-hour testing period, the lyophilized polymeric nanoparticles
of formulation SF2 loaded with Resveratrol released a greater
amount of medication than the other formulations. The findings
of the pharmacokinetic modelling showed that the matrix type
nanoparticle formulation's drug release exponent (n-value) was
less than 0.5, suggesting a "Fickian diffusion” of the drug (SF2).
In the current study, PLGA nanoparticles containing resveratrol
were successfully generated and evaluated by the use of Soluplus®
as a surfactant. The effectiveness of Soluplus® as a surfactant and
drug-loaded nanoparticle delivery system with the right drug
loading, shape, and particle size has been shown by this work. In
conclusion, PLGA nanoparticles loaded with resveratrol are efh-
cient and promising delivery systems for anticancer drugs.
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