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ARTICLE INFO ABSTRACT
Keywords: Myrica esculenta plant extracts have been reported for their anticancer properties. Also, albumin has been re-
Nanoparticulate formulation ported as a drug carrier due to non-immunogenic nature and ability to bypass the reticuloendothelial system

Myrica esculenta
Bovine serum albumin
Anticancer activity
MIA PaCa-2 cell line
Drug delivery

(RES). In this study Myrica esculenta plant extract-based albumin nanoparticles (ME-BSANPs) were characterized
and prepared for cancer therapy. The objective of this study is to enhance the absorption of the phytoconstituents
and to improve cancer cell selectivity that leads to apoptosis. The prepared nanoparticles were examined for their
morphological characteristics, such as, size, shape, surface charge, and stability. Furthermore, the design of
expert (DOE) software was used to determine the formulation parameters. The size of the synthesized nano-
particles were analyzed and images were observed in the filed emission scanning electron microscopy (FESEM).
In vitro studies of these nanoparticles were tested on cancer cell line (MIA PaCa-2) and resulted to cell cyto-
toxicity with an increase in the level of apoptosis or programmed cell death. The study of molecular docking was
reported in Myrica esculenta bark. The docking was performed with BSA to check the binding affinity because
BSA-based nanoparticles embedded with plant extract may interact with cancer targets. Docking studies revealed
that the plant phytoconstituents have good binding affinity to BSA, which may carry these nanoparticles to target
the cancer site to trigger apoptosis. These research findings suggest that the plant extract-loaded albumin-based
nanoparticles could be a new development in cancer treatment. Also, these nanoparticles showed an excellent
drug delivery and anticancer activities with fewer side effects.

1. Introduction survival of 6-10 months, but the median survival time for those with
metastatic cancer is just three to six months (Witjes et al., 2021; Shukla
Pancreatic cancer continues to be among the most dreadful malig- et al.,, 2022). There are many phytochemicals in Myrica esculenta,
nancies due to its dismal prognosis and meager survival rate, even with commonly known as Bayberry and hasmedicinal properties in the pro-
several breakthroughs in detection, surgical, radiation, and chemo- duction of nanoparticles. The main bioactive phytoconstituents of this
therapy techniques (Xu et al., 2016). The majority of patients suffered plant are myricetin, ellagic acid, caffeic acid, chlorogenic acid, gallic
from advanced localized or metastatic tumors, which may have acid, threonine, ascorbic acid, furfural, and catechin, as seen in Fig. 1
contributed to the poor prognosis of the illness. Under these circum- (Sood and Shri, 2018).
stances, patients with advanced-stage localized tumors have a typical Albumin, a biocompatible protein, as a carrier matrix underscores
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Fig. 1. Reported bioactive phytoconstituents of the plant Myrica esculenta.

the quest for sustainable and eco-friendly drug delivery systems. This
research seeks to amalgamate the ancient wisdom of traditional me-
dicinal plants with cutting-edge nanotechnology to forge a novel bio-
nanoconjugate system with the ultimate goal of revolutionizing the
landscape of anticancer treatments. A combination of cutting-edge
technology in bio-nanoconjugation may develop unique methods espe-
cially for the cancer treatment (Shukla et al., 2022; Shukla et al., 2022).

In recent years, Myrica esculenta (ME) plant extract has been reported
for the treatment of cancer and other related diseases (Saini et al., 2013;
Bhatt et al., 2023; Shukla et al., 2023; Shukla et al., 2023), along with
the development of nanoparticles (Chauhan et al., 2023; Shukla et al.,
2023), and various metal-based nanoparticles (Fuku et al., 2016; Mati-
nise et al., 2017; Hassan et al., 2018; Chauhan et al., 2020; Das et al.,
2020; Maheshwaran et al., 2020; Sone et al., 2020; Sackey et al., 2020;
Dhatwalia et al., 2023; Kumari et al., 2023; Verma et al., 2023). Albumin
has gained a lot of interest in nanotechnology as a drug delivery strat-
egy, especially for cancer treatment. It is a biocompatible, biodegrad-
able, non-immunogenic, and non-toxic (Elzoghby et al., 2012; Behera
et al., 2024). Moreover, it is a water-soluble protein that can tolerate
temperatures as high as 60 °C for up to 10 hours and is stable across a
broad pH range (Kratz, 2008). Additionally, it has carboxylic and amino
groups that may utilize to modify the surface of nanoparticles. Targeting
cancer cells is a key objective of cancer treatment to reduce side effects
while also achieving selective drug accumulation in tumor tissues.

The rationale behind this research work is to deliver phytochemicals
of ME extract, which include targeting cancer cells without harming
normal cells as they are phytoconstituents and BSA causes selective drug
accumulation in tumor tissues, which may improve therapeutic efficacy,
reduce toxicity, and prevent drug resistance. This investigation aims to
develop development and characterize Myrica esculenta plant extract-
based albumin nanoparticles for their potential application in anti-
cancer therapy. Using a desolvation process, methanolic ME extract has
been loaded in BSA to prepare nanoparticles (ME-BSANPs). Numerous
metrics, including size, polydispersity, zeta potential, and morpholog-
ical characteristics, were evaluated for the ME-BSANPs. The cytotoxic
potential of ME and ME-BSANPs were assessed using HEK-293 sparing
normal cells and the MIA PaCa-2 cell lines. The developed formulations
were examined to see how simple plant extract and the nanoparticles’
cytotoxic activity correlated.

2. Materials and methods
2.1. Materials

Myrica esculenta plant bark collected from the Himalayan region of
Solan district, Himachal Pradesh, India. Amphotericin B solution and
MTT dye were bought from Sigma Chemicals, U.S.A.,. Alfa Aesar (En-
gland), Merck (India), and GIBCO Invitrogen Corporation provided fetal
bovine serum (FBS), methanol, and 25% glutaraldehyde. We purchased
4% paraformaldehyde solution and bovine serum albumin (BSA) from
Hi-Media in India.

2.2. Extraction of plant

Mpyrica esculenta barks were adequately cleaned and shade-dried for
15 days. Shade-dried barks were coarsely pulverized using a mortar
pestle and a grinding machine. In Soxhlet’s extractor (continuous hot
percolation process), 250 g of powdered plant material was extracted
with petroleum ether (60-80 °C) to remove lipids and waxes, then with
methanol. After comprehensive extraction, the methanolic extract was
concentrated under decreased pressure at 50-55 °C. The solvent was
extracted using a rotary evaporator (Heidolph) at 40 °C in a vacuum.
Dried extracts were stored in sealed containers at 2—4 °C for further use.
This extract has been used for the preparation of nanoparticles in this
study (Ahmad et al., 2022).

2.3. Preparation of ME-BSANPs

With a few modification, developing Myrica esculenta bark extract-
based albumin nanoparticles (ME-BSANPs) were prepared according
to the schematic illustration (Fig. 2) (Sand et al., 2015; Zinger et al.,
2019; Saneja et al., 2019). Briefly, the desolvation process was used to
prepare nanoparticles. The BSA solution was primarily prepared by
stirring 40 mg of BSA in 2 ml of purified water using a magnetic stirrer.
Further, 0.2 M NaOH raised the solution’s pH approximately between 8
and 9. At room temperature, the solution was continuously stirred at
700 rpm. A syringe was used to dissolve the required amount of plant
extract in methanol, which was then added dropwise (0.5 ml per min-
ute) to the aqueous medium until turbidity was apparent.

The particles were then cross-linked with 1.175 pl of 8% glutaral-
dehyde per mg of BSA. Thereafter kept at ambient temperature and
stirred magnetically at 700 rpm until the methanol had evaporated. The
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Fig. 2. A flowchart that represents the preparation of Myrica esculenta based BSANPs (ME-BSANPs).

nanoparticles were collected by centrifugation (12,000 rpm, 30 min)
after the methanol evaporated. After three repeated washing, the
nanoparticles were free of any remaining residues of methanol or
glutaraldehyde and reconstituted with distilled water to a tenth of their
initial volume. Thereafter, 5% sucrose was used to cryoprotect the
nanoparticles during the freeze-drying process (VirTis, USA).

2.4. Optimization of formulation

Response surface methodology (RSM) is used to study complex
multivariable systems and investigate how independent variables (fac-
tors) interact with one another and affect dependent variables (re-
sponses) (Haider and Soni, 2022). A quadratic model based on the
Response Surface Methodology (RSM) and a randomized Box-Behnken
design was used in the study. Design-Expert® Software version 10 by
Stat-Ease Inc. was used to analyse the data. Each block had five center
points. Compared to a three-level factorial design, the BBD model
required fewer trials and offered designs with desirable statistical
properties. It was developed using Design-Expert® Software version 10
(Stat-Ease Inc., MN). A quadratic model represented by the numbers -1,
0 and +1 is expressly accommodated by BBD, which has three levels for
each component. In this study, "ME: ME-BSANPs (A)," "Stirring time (B),"
"Stirring speed (C)," and "Sonication time (D)" were chosen as inde-
pendent variables (factors) to look at three-dimensional (3D) response
surface and see how they affected dependent variables (responses) like
particle size (MPS) (R1), zeta potential (R2), and polydispersity index
(R3). The experimental design comprised twenty-nine runs based on the
model, creating various variable combinations using three components
and three design levels, as detailed in Table 1. The coded and decoded
values for all are summarized in Table 2. Data sets underwent ANOVA,
with a significance level set at p < 0.05 in the surface response analysis.

Table 1

The optimization of the nanoparticles is based on factors (an independent var-
iable), levels (+1, 0 and -1), and responses (dependent variables) according to
RSM-BBD.

Factors Levels
Low (-1) Medium (0) High (+1)
A: ME: ME-BSANPs ratio 0.1 0.55 1
B: Stirring time (min) 30 45 60
C: Stirring speed (rpm) 700 900 1100
D: Sonication time (min) 10 20 30
Responses Constraints
R1: Particle Size (nm) Minimum
R2: Zeta potential (mV) In range
R3: Polydispersity index (PDI) In range

Eq. 1 illustrates 15 polynomial coefficients in total (80 to $14) derived
from the specific mathematical modeling, where p0 functions as the
intercept.

Y = B0+ P1X1 4 P2X2 + B3X3 + p4X4 + p5X1X2 + P6X1X3
+ B7X1X4 + p8X2X3 + PIX2X4 + p10X3X4 + + p11X12 @
+p12X2% +B13X3>  +pl4x4?

In this formula, Y represents the observed outcome associated with
each combination of factor levels. The coefficients p1, 2, 3, and p4
correspond to the linear effects, while the interaction effects among the
three factors are expressed by f5, 6, 7, p8, 9, and $10. Moreover, 11,
p12, p13, and P14 are indicative of quadratic effects derived from the
experimental data. The independent variables are denoted as X1, X2, X3,
and X4.

2.5. Morphological analysis

The morphology and elemental content of plain ME extract and ME-
BSANPs were examined using field emission scanning electron micro-
scopy (FESEM) with energy-dispersive X-ray spectroscopy (EDS) tech-
niques. For FTIR analysis, BSA (HK1), ME plant bark extract (HK2),
physical mixture (ME extract and BSA) (HK3), and ME-BSANPs (HK4)
were compressed using KBr to obtain thin pellets. Then, scanning of
pellets was done in a range of 4000-400 cm—', and the spectra were
recorded by Spectrum RXI FTIR (Perkin Elmer, USA). 2 mg of ME NPs
and ME-BSANPs were taken for the FTIR analysis. The powder X-ray
diffraction pattern of BSA (HK1), ME NPs (HK2) and ME-BSANPs (HK3)
was studied by X-ray diffractometer (PAN analytical, X’Pert3 Powder,
Netherlands). The operating voltage was 40 kV, the operating current
was 25 mA, the start angle 26 was 5°, and the finishing angle was 50°
(Vivek-Ananth et al., 2023).

2.6. Invitro cell culture experiment

2.6.1. Maintenance of cell lines

Dulbecco’s modified Eagle’s medium-high glucose (DMEM), a com-
plete growth medium, was used to cultivate the MIA PaCa-2 cell line
with pen-strep and amphotericin-B solution in a humidified carbon di-
oxide incubator (ESCO) at 37 °C, T75 culture flasks with 5% CO- and
95% relative humidity were used to cultivate the cells. To get a single-
cell suspension, monolayer cell culture was performed, and cell har-
vesting was executed using a 0.25% (w/v) trypsin/EDTA (1 mM) solu-
tion. MIA PaCa-2 cells were in flat-bottom 96-well plates at the ideal cell
density. The cell density per well used in this preliminary screening
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Factors and levels of ME: ME-BSANPs, stirring time, stirring speed and sonication time, and responses of MPS (nm), ZP (mV) and PDI according to the plan using RSM-

BBD for nanoparticles.

Factor 1 Factor 2 Factor 3 Factor 4 Response 1 Response 2 Response 3
Std Run A:ME: ME-BSANPs B: Stirring time C: Stirring speed D: Sonication time Particle size Zeta potential PDI
Ratio mins pm min nm mv
16 1 0.55 60 1100 20 229.9 -17.3 0.52
27 2 0.55 45 900 20 256.5 -20.5 0.26
13 3 0.55 30 700 20 295.4 -24.9 0.51
5 4 0.55 45 700 10 272.1 -23.4 0.32
1 5 0.1 30 900 20 265.2 -32.5 0.34
2 6 1 30 900 20 400.4 -21.5 0.73
14 7 0.55 60 700 20 240.2 -17.8 0.68
9 8 0.1 45 900 10 256.4 -27.5 0.16
18 9 1 45 700 20 358.4 -18.9 0.81
29 10 0.55 45 900 20 254.6 -19.2 0.25
4 11 1 60 900 20 305.4 -13.3 0.9
7 12 0.55 45 700 30 264.2 -21.3 0.3
23 13 0.55 30 900 30 282.3 -24.2 0.41
20 14 1 45 1100 20 322.9 -15.5 0.66
10 15 1 45 900 10 345.4 -17.2 0.74
11 16 0.1 45 900 30 253.5 -26.3 0.3
19 17 0.1 45 1100 20 253.2 -27.5 0.28
28 18 0.55 45 900 20 251.2 -20.6 0.28
22 19 0.55 60 900 10 240.2 -17.8 0.6
26 20 0.55 45 900 20 255.2 -19.8 0.27
25 21 0.55 45 900 20 256.4 -19.4 0.26
6 22 0.55 45 1100 10 251.2 -18.9 0.21
12 23 1 45 900 30 339.3 -16.4 0.47
17 24 0.1 45 700 20 258.9 -28.4 0.32
24 25 0.55 60 900 30 238.4 -16.2 0.53
8 26 0.55 45 1100 30 248.4 -18.3 0.21
3 27 0.1 60 900 20 248.3 -22.6 0.44
15 28 0.55 30 1100 20 279.4 -23.7 0.37
21 29 0.55 30 900 10 283.3 -23.5 0.31
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Fig. 3. Morphological characterization of prepared ME-BSANPs. A) FESEM image at 100 nm, B) TEM image at 200 nm, C) particle size distribution and D) Zeta

potential of prepared nanoparticles.

procedure for the selected cell line was 7500. The MIA PaCa-2 cell line
was procured from ATCC. With the MTT test, the in vitro anti-
proliferative investigation was conducted.

2.6.2. Cell viability using MTT assay

MTT assay was used to quantify the cytotoxicity of the plain ME
extract (HK1) and ME-BSANPs (HK2). In short, 96-well plates were
seeded with 100 ul/well cell suspensions of MIA PaCa-2 cells, which
were then incubated for a whole day. MIA PaCa-2 cells were treated with

prepared samples of HK1 and HK2 at a concentration 1 pg/ml each for
48 h for cytotoxicity evaluation. Camptothecin (0.25 ug/ml) was used as
a standardized positive control. Before termination of the experiment,
the cells were exposed to MTT dye for four hours (2.5 mg/ml in PBS
solution). After incubation, the insoluble formazan crystals were dis-
solved using DMSO (150 pl) added to each well. And finally, the
resulting-coloured solution was quantified using an ELISA microplate
reader at 570 nm. Moreover, the percentage of cell viability compared to
the control was calculated using the following formula IC50 values were
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calculated using Graph Pad Prism 6.0. All experiments were performed
in triplicates (n=3).

%cell viability = —<A(Zsb‘;fo‘;5€‘;:;"fffgf‘;jk")")x 100

100 — Y%cell viability

%cell growth inhibition =

2.6.3. Cell viability analysis of normal cells

The cell viability of normal cells was evaluated using a Trypan blue
exclusion assay. The dye Trypan blue helps in distinguishing the live
versus dead cells and is easily countable using a hemocytometer under a
bright field microscope. After the treatment with plain ME extract (HK1)
and ME-BSANPs (HK2), cells were collected after trypsinization, pel-
leted down by centrifugation, and the pellet was again re-suspended in
PBS (500 pl). An equal volume of trypan blue dye was mixed with an
equal volume of cell suspension (1:1 ratio; 10 pl of trypan blue and 10 pl
of cell suspension), mixed properly, and the number of cells was counted
using a hemocytometer under a bright field microscope (100X magni-
fication). Upon observation, the viable cells remain unstained, while the
non-viable cells are stained blue and clearly differentiated. Cell viability
is represented as the percent viable cells out of the total number of cells
and calculated according to the method described previously (Section
2.6.2) (Behera et al., 2022).

2.7. Molecular docking studies

This study aimed to identify phytochemicals present in Myrica
esculanta through the IMPPAT database, resulting in the identification of
55 phytoconstituents. All compounds underwent energy minimization
and were converted to pdbqt format using OpenBabel integrated with
the PyRx module, employing the universal force field and conjugated
gradient method for 200 steps (Dallakyan and Olson, 2015; O’Boyle
et al., 2011). A molecular docking simulation study was conducted on
the Bovine Serum Albumin (BSA) receptor. The three-dimensional (3D)
crystal structures of BSA (entry code 4F5S) were sourced from the Pro-
tein Data Bank (PDB), and the UCSF-Chimera DockPrep module was
employed to prepare the protein structure (Pettersen et al., 2004);
Bujacz, 2012). This involved removing heteroatoms and solvents from
the PDB file, adding hydrogen atoms to correct the ionization and
tautomeric status of amino acids, and incorporating charges using the
CHARMM force field. Subsequently, the protein was loaded into the
PyRx software and converted to pdbqt format. Molecular docking was
performed using AutoDock Vina (version 4, The Scripps Research
Institute, USA) within the PyRx platform, employing a blind docking
approach to achieve the best binding pose (Trott et al., 2010). The grid
dimensions were manually adjusted to cover the entire protein, with the
following values: X (43.43), Y (56.19), Z (51.99), and center coordinates
X (57.67), Y (4.11), Z (-22.56). After completing molecular docking, the
docked complexes’ poses were visualized using Maestro, a molecular
modeling software by Schrodinger. Since the poses were originally in
pdbqt format, which was incompatible with Maestro, they were con-
verted to PDB format using Open Babel, a free chemical file format
converter.

2.8. Statistical analysis

The data is shown as mean =+ standard deviation (SD). Individual
group comparisons, multiple one-way ANOVA, and the Student’s t-test
were used for the statistical analysis of the data in order to compare
groups. A statistically significant difference was defined as a p-value less
than 0.05.
3. Results and discussion

3.1. Development of ME BSA-based nanoparticles

A desolvation technique has been used to develop bovine serum

Industrial Crops & Products 218 (2024) 118815

albumin-coated methanolic extract of Myrica esculenta bark nano-
particles (ME-BSANPs). These prepared nanoparticles have been char-
acterized using various modern techniques.

3.2. Surface morphology evaluation of the developed nanoparticles

EDS, along with FESEM and TEM, are typically used for elemental
composition surveys. The developed ME-BSANPs exhibited spherical
morphology when observed under FESEM and TEM. The prepared size
in FESEM and TEM were found to be 547.9 nm and 160-222 nm
respectively, and the polydispersity index (PDI) of the ME-BSANPs was
found to be 24.1%.

The mean zeta potential of the prepared nanoparticles was -26.2 mV.
The size of the nanoparticles, as seen in the TEM and FESEM, matched
the size determined by dynamic light scattering (Fig. 3). An EDS graph of
prepared ME-BSANPs was also performed, which showed the presence
of carbon and oxygen elements (Fig. 4).

To find out the existing interaction between the plant phytocon-
stituents and the BSA, Fourier-transform infrared (FTIR) spectroscopy
was used. The FTIR spectra of the plain BSA (HK1), methanolic ME bark
extract (HK2), physical mixture of ME bark extract and BSA (HK3), and
ME-BSANPs (HK4) have been included in the Fig. 5, which demonstrates
different functional groups that attach to BSA’s surface (Table 3). The
phenolic, alcoholic, and surface-adsorbed H20 hydroxyl groups may be
responsible for the O-H stretching vibrations linked to the infrared (IR)
bands detected in the 3300-3600 Cm'! regions.

Both symmetric and asymmetric CH2 stretching are linked to the
bands in the 2800-2900 cm™ range. The bands corresponding to the
C=O stretching vibrations range from 1550 to 1650 cm™. The bending
vibrations of the -OH groups are attributed to the IR bands about 1398
and 1440 cm™\. The stretching vibrations of C-O and C-C cause the
presence of the infrared bands in the range of 1290-850 cm™.. The ME of
Myrica esculenta bark’s FTIR spectra, show several functional groups in
the extract. The FTIR spectra of the plant extracts and ME-BSANPs make
it clear that NPs have more functional groups linked to the ME extract
than the BSANPs.

Fig. 1 illustrates the bioactive compounds found in Myrica esculenta
extracts, which include furfural, ascorbic acid, threonine, gallic acid,
ellagic acid, caffic acid, chlorogenic acid, and catechin. This makes it
easier to see how the NPs convert.

Differential scanning calorimetry (DSC) has been performed to check
the nature of compounds in the plant extract. DSC of plain BSA (HK1),
methanolic ME bark extract (HK2), physical mixture of ME extract and
BSA (HK3), and ME-BSANPs (HK4) have been depicted in Fig. 6. The
thermal gravimetric analysis showed four significant steps of thermal
decomposition with an overall weight loss of about 15.15% HK4. The
first step, weight loss of ~3.3% up to 150 °C can be associated with the
exclusion of physisorbed water and organic moieties from the NP
surface.

The XRD patterns of plain BSA (HK1), methanolic ME bark extract
(HK2), and ME-BSANPs (HK3) were depicted in Fig. 7, to study the
characteristics of plant extract entrapped in the bovine serum albumin-
based nanoparticles. The conspicuous peaks formed by diffraction at 26
= 27.6°, 38.2°, 43.5°, 54.3° and 81.6°. The crystalline nature is
confirmed by the firm diffraction peaks of the plain BSA (HK1), meth-
anolic ME bark extract (HK2), and ME-BSANPs (HK3).

3.3. RSM & BBD-based optimization

The Box-Behnken design (BBD) is a key tool in our research, facili-
tating the generation, formulation, and optimization of nanoparticle
formulations. These formulations, labeled as Run 1 to Run 29, were
subjected to a comprehensive evaluation for response variables,
including Particle Size (PS) (R1), Zeta Potential (ZP) (R2), and Poly-
dispersity Index (PDI) (R3). The design incorporated specific formula-
tion factors: "ME: ME-BSANPs (A),” ’Stirring time (B),” ’Stirring speed
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Fig. 4. EDS of prepared ME-BSANPs. A) Sample image, B) FESEM UID for EDS and C) EDS graph of prepared nanoparticles which showed the presence of carbon and

oxygen elements.

(C),” and ’Sonication time (D).” The resultant polynomial coefficients
were derived from the quadratic polynomial model outlined in Egs. 2, 4
and 5. This model was designed to investigate potential significant in-
teractions between the responses, thereby enhancing our understanding
of the nanoparticle formulation process.

Yl =25478+44.69X; — 25.30X; -—
— 0.2000X3X; + 1.28X3X,

8.68X3 —

Y2 = -1990+5.17X; + 3.78X,+1.12X5+ 0.4667X4 — 0.4250X,
+ 0.5750X,X4 — 0.3750X3X4 —

Y3 = 0.2640 +0.2058X; + 0.0833X; —0.0575X5 —
— 0.0050X;X3 —

The developed model’s statistical significance regarding response
variables R1, R2, and R3 was established through p-values of <0.0001,
<0.0004, and <0.0001, respectively. High response variable R? values
R1 (0.9844), R2 (0.9820) and R3 (0.9785) indicated a remarkable match
between the established polynomial equation and the built model
response data. The adjusted R? values (0.9950, 0.9640, and 0.9570 for
R1, R2, and R3, respectively) and predicted R? values (0.9730, 0.9086,
and 0.8780) highlighted how well the data suited the created models.
ANOVA results presented in Table 4 indicated that the quadratic model
demonstrated the best fit for the observed responses, as evidenced by
metrics such as R2, adjusted R2, predicted Rz, standard deviation (SD),
and percent coefficient of variation (% CV) for R1, R2, and R3.

1.87X4 —19.52X;
+ 43.01X? +5.65X; +1.37X5 + 1.43X3

2.05X? — 0.5083X3 — 0.5833X3 + 0.0292X3

0.0100X4 +0.0175X;
0.0425X,X, + 0.0050X;X, +  0.1734X> +0.1972X2 + 0.0534X — 0.0253X2

The 3D response surfaces for particle size (PS) are shown in Fig. 8.
PS’s shed-like structure shows that the number of ME-BSANPs and PS
are directly correlated. PS exhibits a linear rise when the number of ME-
BSANPs goes from low to high. Greater levels of ME-BSANPs cause an
increase in viscosity, which in turn reduces net shear stress and forms

Xy — 7.45X1X3 — 08000X1X4 + 1.43X2X3 (2)
X5 +0.6250X; X3 — 0.1000X; X, — 1.750X,X3 @
X, —0.0275X; X3 — 0.1025X, X4 ©)

bigger droplets. Moreover, higher viscosity might hinder ME-BSANPs’
quick dispersion leading to the development of bigger nanoparticles.
Numerous studies consistently demonstrate that nanoparticle size in-
creases with increasing polymer concentration. In this study, PS exhibits
a linear decrease with an increase in stirring time, stirring speed, and
sonication time (Fig. 8). Fig. 8 shows the 3D response surface for PS with
an increase in stirring time, stirring speed, and sonication time are
increased. This shows that more mixing energy leads to smaller, less
uniform droplets. A noticeable increase in nanoparticle size is observed
as the ME-to-ME-BSANPs ratio rises, as shown in Fig. 8. For example,
when the ratio is 0.1, the particle size measures 248.3 nm (Run 27). In
comparison, a ratio of 1 results in a particle size of 305.4 nm (Run 11).
This demonstrates a positive correlation between polymer concentration
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Fig. 5. FT-IR spectra of plain BSA (HK1), methanolic ME bark extract (HK2), physical mixture of ME extract and BSA (HK3) and ME-BSANPs (HK4).

Table 3

FTIR spectra values from ME-BSANPs and methanolic ME bark extract are summarized below, along with an explanation using the sigma IR table.

Wavenumber (cm™) Bond Stretching

Ref. Wavenumber range (ecm™) (Sigma IR table)

Interpretation

3629.40 O-H 3200-2700
3033.52 O-H 3200-2700
1604.84 Cc=C 1650-1600
1443.14 $=0 1415-1380
1320.96 O=H bending 1390-1310
1195.48 C-N 1310-1250
1013.31 C-N 1250-1020
827.91 Cc—=C 840-790

729.05 Cc—=C 730-665

Alcohol-intramolecular bonded
Alcohol-intramolecular bonded
Conjugated alkene

Sulfates, sulfones, or sulfonyl chlorides
Phenol

Aromatic amine

Amine

Alkene (trisubsituted)

Alkene (disubsituted)

and particle size (Haider and Soni, 2022). Conversely, increased stirring
time leads to a significant reduction in particle size, transitioning from
265.2 nm in Run 5-248.3 nm in Run 27. Similarly, an increase in stirring
speed results in a decrease in particle size due to nanoparticle segrega-
tion, from 238.4 nm in Run 24-258.9nm in Run 17. Likewise,
increasing sonication time produces a similar effect, and decreasing
particle size from 256.4 nm in Run 8-253.5 nm in Run 16 (Zhao et al.,
2020).

Colloidal dispersion’s stability depends critically on the measure-
ment of the zeta potential of nanoparticles. In this research, nano-
particles made from a mix of ME and ME-BSANPs have a zeta potential
that ranges from -13.3 to -32.5 mV (Table 2 and Fig. 9), which is mostly
caused by the BSA that is present in the nanoparticles. Conversely,
reducing the ME and ME-BSANPs ratios leads to a negative adjustment
in the zeta potential values, transitioning from -32.5 in Run 5 to -21.5 in
Run 6.

Polydispersity is influenced by the number of polymers used and the

stirring speed. As the concentration of polymer rises, the polydispersity
index (PDI) value also rises, going from 0.15 in Run 8-0.89 in Run 11.
This is a clear pattern. This increase is associated with nanoparticle
aggregation at higher polymer concentrations (Colmenares Roldan
et al., 2018). Conversely, increased stirring speed leads to nanoparticle
segregation, promoting a more even distribution (Sarmento et al.,
2007). For example, in Run 17, with a stirring speed of 1000 rpm, the
Polydispersity Index (PDI) is 0.28. In contrast, Run 8, with a sonication
time of 10 minutes, exhibits a lower PDI of 0.16. Moreover, in Run 16,
where the sonication time is extended to 30 minutes, the PDI increases
to 0.3.

The desirability index, from 0 to 1, signifies the least desirable to the
most acceptable combination, ensuring the optimal balance between
constraints. Through numerical optimization, the goal is to achieve the
target response by applying the desirability function across the experi-
mental domain. The preferred combination is selected based on the
desirability function closest to unity, as depicted in Table 5 and Fig. 10.
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Fig. 7. XRD spectra of plain BSA (HK1), methanolic ME bark extract (HK2), and ME-BSANPs (HK3). The XRD analysis showed the crystalline pattern of the plant
material as well as their developed NPs.

Table 4

Design summary and statistics.
Model Response R? Adjusted R? Predicted R? SD %CV
Quadratic Y; 0.9950 0.9900 0.9730 4.09 2.32
Quadratic Y, 0.9820 0.9640 0.9086 0.8422 3.98
Quadratic Y3 0.9785 0.9570 0.8780 0.0418 9.74

The surface contour plot illustrates the interaction of factors on Particle Because Run 1 has the greatest desire of all the formulations, it is

Size (PS). Target values for PS, zeta potential (ZP), and polydispersity determined to be the best-fitting optimum formulation. The optimized
index (PDI) during the responses from all 29 formulations serve as the formulation exhibits R1 of 229.9, R2 of -17.3, and R3 of 0.52 (Table 1).
basis for the optimization procedure. The requirements for choosing the best-fitting formulation are set at
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Fig. 8. (continued).

0.55, 60 minutes, 1100 rpm, and 20 minutes for ME: ME-BSANPs, stir-
ring time, stirring speed, and sonication time, respectively. It is
discovered that these selection limitations are desirable at 0.99. The best
possible nanoparticles with the least amount of particle size (PS), are
selected with R1 = (229.9 <R < 400.4), R2 = (-32.5 <R -13.3), and R3
= (0.16 < R < 0.9) (Table 2). Fig. 11 & 12 display the yellow-colored
overlay plot of the design space and show flags that indicate the best
places for variables A, B, and C. These design space overlay plots verify
that the optimal formulation was chosen from a particular area of the
factor space.

3.4. Evaluation of percent cell viability

Cell metabolic activity is measured using the MTT test, which
measuring cell viability, proliferation, and cytotoxicity. This test is
mostly colorimetric and relies on metabolically active cells reducing a
yellow tetrazolium salt (MTT) to purple formazan crystals. The enzymes
mitochondrial succinic dehydrogenase and NAD(P)H-dependent oxido-
reductase convert yellow MTT to purple formazan in living cells. Using
DMSO, acidified ethanol, and sodium dodecyl sulfate in a diluted hy-
drochloric acid solution, the insoluble formazan crystals are dissolved,

10

and the colored solution that results is measured using an ELISA plate
reader by detecting absorbance at 500-600 nm. The maximum number
of viable/metabolically active cells is directly proportional to the
darkness of the solution (Vistica et al., 1991; Maehara et al., 1987; Slater
et al., 1963).

Using the MTT test, the cytotoxic effects of camptothecin, HK1, and
HK2 were examined in MIA Paca-2 cells at a dose of 5 pg/ml (Fig. 13).
After 48 hours, the MIA Paca-2 cells showed 48+4.2%, 40+3.7%, and
58+2.2% cell growth inhibition for ME NPs, ME-BSANPs, and campto-
thecin, respectively. The results amply proved that the cytotoxicity of
the ME-BSANPs and ME NPs was equivalent. Apart from that, the groups
did not receive any treatment referred to as normal control. DMSO (<
0.2%) referred to as solvent control did not show any cytotoxic behav-
iour against MIA Paca-2 cells. Apart from that, as per the previously
published literature, both the extracts MeA (acetone) and MeAA (acidic
acetone) were reported to have potent anticancer activities, which led to
a 70-92% reduction in the viability of various cancer cell lines such as
C33A, SiHa, and HeLa. Also, there was no cytotoxicity was reported in
normal cell lines (Saini et al., 2013) . Also, the MeOH extract of Myrica
esculenta screening offered moderate antiproliferative activity against
HepG2, Hela, and MDA-MB-231 cancer cell lines. The MeOH extract
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Table 5
Different suggested solutions.
Number ME: ME-BSANPs Stirring time Stirring speed Sonication time Particle size Zeta potential PDI Desirability

0.346 56.330 1099.998 17.010 231.549 -20.000 0.375 0.990
0.346 56.345 1099.974 17.034 231.549 -20.000 0.376 0.990
0.345 56.298 1099.995 17.292 231.550 -20.000 0.375 0.990
0.345 56.384 1099.999 17.137 231.550 -20.000 0.377 0.990
0.344 56.500 1099.985 16.839 231.550 -20.000 0.379 0.990
0.346 56.503 1099.990 16.495 231.553 -20.000 0.378 0.990
0.344 56.692 1099.995 16.478 231.556 -20.000 0.383 0.990
0.343 56.606 1099.698 16.949 231.557 -20.000 0.382 0.990
0.345 56.207 1099.726 17.654 231.558 -20.000 0.373 0.990
0.342 56.751 1099.995 16.786 231.558 -20.000 0.385 0.990
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Fig. 13. The cytotoxicity behaviour of ME extract and ME-BSANPs against Mia PaCa-2 cells. (A, B) The cytotoxicity behaviour of ME NPs and ME-BSANPs using MTT
assay. Representative image depicting the percentage cell viability and cell growth inhibition at 48 h interval against MIA PaCa-2 cells shows the comparable
cytotoxic behaviour of prepared NPs with the plant extract. The cytotoxic behaviour attained might be due to the better inhibitory activity of the developed NPs.
Camptothecin was used as a standard positive control in the entire experiment. All data represented as mean+SD, n=3.
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Fig. 14. Representative figure indicated the percentage cell viability of control
cells treated with <0.2% DMSO, cells treated with camptothecin, HK-1 and HK-
2 at a concentration of 0.65 ug/ml using MTT assay. Compare to camptothecin,
HK-1 and HK-2 possessed good number of viable cells count against HEK-293
cells (p<0.001), mean+SD and n =3.

resulted in 46.19%, 50%, and 48.29% inhibition of MDA-MB-231,
HepG2, and Hela cells at 5 mg/ml concentration, respectively (Mann
etal., 2015) (Mann et al., 2015). Hence, from our study, it was observed
that there was an increase in percentage growth inhibition for
ME-BSANPs compared to plain ME NPs at the fixed dose of 5 pg/ml
concentration, which might be due to the occurrence of bioactive
compounds that render the plant serving better anticancer activity.
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3.5. Impact on normal cell viability

In this study, HEK-293, human embryonic kidney cell line, was used
to assess the effect on normal cell viability. The selected IC50 dose of the
formulation HK-2 (0.65 pug/ml) was chosen, and at this dose, campto-
thecin, plant extract, and formulation (HK-2) were evaluated against
normal cells. The results indicated that, the percentage cell viability was
not significantly altered in HK-1 and HK-2-treated cells while cells
treated with camptothecin triggered cell mortality because of the toxic
behaviour of the drug camptothecin (Fig. 14). Both the plant extract and
the formulation are found to be selective against Mia Paca-2 cells while
sparing normal (HEK-293) cells. In comparison to camptothecin, the
selected IC50 dose of the formulation (0.65 pg/ml) was found to be 5.8-
fold (for HK-1) and 6.2-fold (HK-2) safe against normal cells and indi-
cated to be statistically significant (p<0.001). The control cells having
<0.2% DMSO did not show mortality compared to normal cells.

3.6. Molecular docking studies

The study of molecular docking interactions showed that different
phytochemicals from Myrica esculenta have strong binding affinities for
certain amino acid residues on bovine serum albumin (BSA) (Fig. 15).
Among the top five compounds with the most favourable docking results
were Tannic acid (IMPHYO011741), Myricitrin (IMPHY012745),
Chlorogenic acid (IMPHY011844), Cianidanol (IMPHY014854), and
Myricetin (IMPHY005471). Tannic acid, with a binding energy of
-10.163 kcal/mol, formed hydrogen bonds with essential residues such
as Glu 52, Tyr 156, Glu 186, Lys 187, Glu 284, Lys 294, and Ser 442, as
well as establishing a salt bridge with Lys 187, Arg 217, and a Pi-cat
interaction with Lys 280 and Lys 439. Myricitrin, also with a binding
energy of -10.163 kcal/mol, demonstrated favourable binding in-
teractions, including hydrogen bonds with Lys 114, Glu 424, Pi-cat
interaction with Arg 458, Asp 108, and Pi-Pi interaction with His 145
and Leu 112. Similarly, Chlorogenic acid, with a binding energy of
-10.163 kcal/mol, binds with residues Glu 125, Tyr 160, and Ile 181 via
hydrogen bonding. Cianidanol, at a binding energy of -10.163 kcal/mol,
formed hydrogen bonds with Glu 424, Asp 108, and Leu 112, along with
a Pi-cat interaction with Arg 458. Myricetin, with a binding energy of
-10.163 kcal/mol, exhibited hydrogen bonding interactions with Leu
346 and Phe 205. These findings provide valuable insights into the
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Fig. 15. Investigation of molecular docking interactions and promising binding affinities between various phytochemicals derived from Myrica esculanta and specific
amino acid residues in BSA. The top five compounds with the most favourable docking results have been shown such as (A) Cianidanol (IMPHY014854), (B)
Myricetin (IMPHY005471), (C) Chlorogenic acid (IMPHY011844), (D) Myricitrin (IMPHY012745), and (E) Tannic acid (IMPHY011741).

Pancreatic cancer
M.E.BSANPs

Expected Role played by M.E.BSANPs
—== |ncrease drugsolubility
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from degradation)

—==p Improve bioavailability
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—=mlp Cross biological barriers
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dueto presence of M.E.BSANPS —p Targetthe tumor microenvironment
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—===P Increase treatment specificity

or tumortissues

& efficacy

Fig. 16. The advantages of vectorization for the delivery of cancer treatments and its proposed mechanism.

potential molecular mechanisms governing the binding of these phyto-
chemicals to BSA. Furthermore, each of these identified phytochemicals
has documented anticancer properties, targeting various proteins asso-
ciated with cancer, underscoring their potential as agents with anti-
cancer effects. Nevertheless, it is crucial to emphasize the necessity for
additional experimental validation to corroborate and expand upon
these computational predictions.

3.7. Proposed mechanism

This research project aims to create albumin-based nanoparticles
(ME-BSANPs) from a methanolic bark extract of Myrica esculenta. It was
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selected as a drug carrier albumin can avoid the reticuloendothelial
system (RES) and is non-immunogenic. The authors of this study created
and described albumin-based nanoparticles for cancer treatment. This
study aims to increase the extract’s absorption and cancer cell selec-
tivity. The efficacy and security of nanoparticle drug delivery systems
depend on these parameters. The research suggested that these nano-
carriers would improve drug solubility and bioavailability, make it
easier to target the cancer microenvironment, increase the concentra-
tion of drugs in tumors, and make treatment combinations work better
(Fig. 16).
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4. Conclusion

The current study demonstrated that ME-BSANPs outperformed
plant extracts regarding anticancer activity. This could be because the
phytoconstituents are delivered more effectively in the methanol extract
when there is a concentration. Additionally, the combined effects of
methanol extracts and NPs greatly increased NPs’ biological potential.
This strategy may reduce the negative consequences since BSA is non-
toxic, immunogenic, and biocompatible. It also calls for further
research in the field of cancer biology. These findings support the use of
ME-BSANPs in various biological applications, although further research
is required to confirm their efficacy and safety in in vivo experiments.
Research of this kind would be very helpful in understanding their
possible applications in medicine.
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