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Chemical based pesticides are widely used worldwide. However, there are potential health and
environmental effects arising from the use of this type of pesticide. To overcome these problems,
people are turning to natural approaches to address this issue. Azadirachta excelsa (A. excelsa)
is a plant that can be found in Malaysia and its extract has the potential to be utilized as a
biopesticide. However, the shortcomings of the use of biopesticides compared to conventional
pesticides include slower rate of control, lower efficacy, shorter persistence, and greater
susceptibility to changes in environmental conditions. To address some of these issues, A.
excelsa extract was encapsulated in chitosan nanoparticles. The encapsulation of A. excelsa
extract into chitosan nanoparticles was optimized using Central Composite Design (CCD) of
Response Surface Methodology. The independent variables selected include chitosan’s
concentration, chitosan:Tripolyphosphate (TPP) ratio and time of sonication; and the responses
studied include size, Polydispersity Index (PDI), zeta potential, encapsulation efficiency and
drug loading. The responses were predicted using second order polynomial model. The optimum
condition for the preparation of A. excelsa extract loaded chitosan nanoparticles was 1.0 mg/mL
of chitosan’s concentration, chitosan:TPP ratio of 4:1 and time of sonication of 3 minutes. The
size, PDI, zeta potential, encapsulation efficiency and drug loading at optimum condition were
201.8 nm, 0.390, 86.6 mV, 89.8% and 4.9%, respectively. Transmission electron microscopy
(TEM) images of chitosan nanoparticles revealed particles with smooth spherical shape. The
study showed that interaction among chitosan’s concentration, chitosan:TPP ratio and time of
sonication can significantly change the physical characteristics of chitosan nanoparticles, and
this provide an avenue for the formulators to engineer chitosan nanoparticles according to needs.
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Azadirachta excelsa is a plant found in lowland
dipterocarp forests up to 350 m in altitude in south-
east Asia. It typically grows in ancient clearings or
secondary forest [1]. The plant has an early development
period which is often free of pest and disease issues.
Its growth is slow initially but subsequently increases
significantly [2]. Azadirachta excelsa, which is related
to Indian neem (Azadirachta indica [3]), has been
used as a pesticide in a few studies. It is expected
that Azadirachta excelsa will have similar biopesticide
potential with Azadirachta indica. The colloquial
name for Azadirachta indica is neem. It is sometimes
referred to as margosa and is a member of the
Meliaceae family.

According to [4], these plants are found to be
abundant in limonoids. Thus far, several insecticidal
active components have been identified in plants

belonging to the Meliaceae family. Triterpenoids are
primarily responsible for the high insecticidal power
of the Meliaceae plants [5, 6]. Numerous of these
triterpenoids have demonstrated antifeedant, stomach
poison, contact poison, and growth inhibition properties
on several significant agricultural insects. It is suggested
that neem's non-wood components, such as its bark,
leaves, fruits, flowers, gum, oil, and neem cake,
contain biological properties that include larvicidal,
nematicidal, antifeedant, and insecticidal effects [5].
Azadirachtin (Figure 1), a triterpenoid that is known
to stop insect metamorphosis, is the main active
component of neem. This ingredient mostly affects
termites, aphids, and weevils. A large number of
neem biopesticides have reached the market [6].
However, the shortcomings of the use of bio-
pesticides compared to conventional pesticides
include slower rate of control, lower efficacy,
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Figure 1: Structure of Azadirachtin.

shorter persistence and greater susceptibility to
changes in environmental conditions.

In agriculture, chitosan nanoparticles can
function as growth enhancers and strong antibacterial
agents against harmful fungus and bacteria [7]. In
addition, chitosan can also act as nanocarriers for
agrochemicals [8, 9, 10]. To develop an efficient hano
delivery system formulation, the agriculturally active
chemical can be encapsulated using ionic or covalent
inter/intramolecular bonds or trapped in a polymeric
matrix of chitosan [10]. The ionic gelation method is
often used to create chitosan nanoparticulate systems
due to its simplicity and low cost. The technique uses
fewer chemicals than other methods, which
minimizes any potential hazardous side effects. It
uses acidic polyanions with a negative charge, such as
tripolyphosphate (TPP), to form a link with chitosan's
positively charged protonated amino group [11].

In this study, Response Surface Methodology
(RSM) was utilized to optimize the process of
encapsulating Azadirachta excelsa extract in chitosan
using ionic gelation method. The parameters studied
were chitosan’s concentration, chitosan: TPP ratio
and time of sonication. RSM is a statistical model
which develops the best factor and level settings for
optimizing process parameters using randomized and
minimal experimental runs. Central composite design
(CCD) of the RSM provides data for multivariable
system modelling and was utilized in this research
work for interpreting the individual and interactional
effect of chitosan’s concentration, chitosan: TPP ratio
and time of sonication on the encapsulation process.

EXPERIMENTAL
Chemicals and Materials

Chitosan, tripolyphosphate (TPP) and acetic acid
were obtained from R&M Chemicals, India. Ethanol

was obtained from Systerm, Malaysia. Ursolic acid
(Sigma Aldrich, USA), vanillin (Ajax Chemicals,

Australia), acetic acid (R & M Chemicals, India),
perchloric acid (Systerm, Malaysia) and ethyl acetate
(EMSURE, Germany) were also used in this study.
All chemicals were used as received unless otherwise
stated.

Characterization Methods
Experimental Design

The optimization of the encapsulation process of A.
excelsa extract chitosan nanoparticles was performed
based on RSM via Design Expert® software (Version
13, StatEase, Minneapolis, USA). Three independent
variables and respective values were selected for
the optimization process which were chitosan’s
concentration, A (0.5, 1.0, 2.0, 2.5, 3.0 mg/mL),
chitosan: TPP ratio, B (3:1, 4:1,5.5:1, 7:1, 8:1 mg/mL),
and time of sonication, C (2, 3, 4, 5, 6 min) [12].
Experimental design consisted of 20 randomized
runs which included eight factorial points, eight
axial points and four unknown points including the
replicates. The responses of the study were the size,
polydispersity index (PDI), zeta potential, encapsulation
efficiency and drug loading of nanoparticles.

Encapsulation of A. excelsa in Chitosan Nano-
particles using lonic Gelation Method

An appropriate amount of chitosan was dissolved in
1.0% acetic acid using a magnetic stirrer (at 50°C for
2-5 hours). An appropriate amount of TPP was
dissolved in deionized water. 1.0 g/ml of A. excelsa
ethanolic extract was added to the TPP solution with
a ratio of 2:1 (TPP:Extract). Then, the TPP mixture
was added dropwise into the chitosan mixture whilst
stirring for 1 hour. Next, the chitosan mixture was
sonicated using a probe sonicator. The preparation of
the chitosan nanoparticles was based on the method
described by Hoang et. al. [13]

Size and Zeta Potential Characterization
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The nanoparticles were characterized via Dynamic
Light Scattering (DLS) using Malvern Zetasizer Nano
S equipment (Malvern Instruments, Worcestershire,
UK) for size, PDI and zeta potential. The samples
were diluted with deionized water (1:5 and 1:10) before
conducting the analysis [14].

Encapsulation Efficiency and Drug Loading using
Calorimetric Method

1 mL samples were centrifuged at 12000 rpm for 30
minutes. The supernatant layer was carefully removed
and mixed with methanol. Uncentrifuged samples were
sonicated for 30 minutes. For both the centrifuged and
uncentrifuged samples, 0.2 mL samples were placed
in calorimetric tubes, 0.2 mL of 5% vanillin-acetic
acid and 1.2 mL perchloric acid were then added. The
vials of solution were incubated in a 70°C water bath
for 15 minutes. Afterwards the vials were rinsed in
running water for 2 minutes. Ethyl acetate was added
until the volume was 5 mL and then cooled to room
temperature. The samples were measured using a
spectrophotometer at 550 nm. The encapsulation
efficiency and drug loading were then calculated using
equations (1) and (2), respectively [15].

Morphology Analysis using Transmission Electron
Microscopy (TEM)

Morphology analysis was conducted using TEM (Jeol-
1200 EX 1I-TEM, Columbia, MD, USA). Nanoparticle
dispersions were diluted at a ratio of 1:100 with
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ultrapure Milli-Q® water, and 10 pl of the resulting
mixture was applied to a 400-mesh copper grid.
A paper filter was used after incubation to eliminate
extra sample. For contrast enhancement, one drop of
phosphotungstic acid was applied to the grid. The grid
was then incubated at 25°C for one minute before any
excess was removed. The grid was finally dried at
ambient temperature [16].

Fourier Transform Infrared (FTIR) Spectroscopy
Analysis

A Nicolet 6700 spectrometer from Thermo Scientific,
Inc. in Waltham, Massachusetts, USA, was used to
obtain FTIR spectra. The attenuated total reflectance
(ATR) mode was utilized to record spectra with a
resolution of 2 cm™* spanning the range of 450 — 4000
cm* [16].

RESULTS AND DISCUSSION
Analysis of Response Surface Models

Full factorial design of CCD was applied to evaluate
the effect of the parameters on response values and
to identify optimized conditions for nanoparticle
formulation. Second order polynomial quadratic model
in terms of actual factors was developed to estimate
the response value by carrying out multiple regression
analysis (Eq 3), (Eq 4), (Eq 5), (Eq 6) and (Eq 7) where
actual values of extraction parameters are represented
as A, BandC.

Initial amount of 4. excelsa extract - Free A. excelsa extract

Encapsulation efficiency (%) =

x100 % 1)

Initial amount of A. excelsa

Initial amount of 4. excelsa extract - Free A. excelsa extract (2)

%100 %

Drug Loading (%) =

Mass of carrier

Size = 405.11215 + 155.16003 A — 88.42449 B — 56.82626 C — 11.19245 AB - 30.73684 AC +

6.38333 BC + 20.66604 A2 + 7.34651 B? + 9.55306 C2 @)
PDI = 115732 - 0.178461 A~ 0.178899 B — 0.089309 C + 0.018862 AB - 0.024053 AC - 0.001667
BC + 0.036534 A2 + 0.014121 B? + 0.016119 C2

Zeta Potential = -5.55782 + 33.38908 A — 2.4113 B + 38.52486 C — 0.148664 AB — 5.23158 AC — ©
1.4 BC — 3.91024 A2 + 0.670027 B2 2.54883 C2

Encapsulation Efficiency = 144.13919 — 44.80447 A — 6.2949 B — 1.42177 C + 1.62098 AB + ©
4.27211 AC + 0.0181667 BC + 3.95244 A2 + 0.223520 B2 — 108829 C2

Drug Loading = 1.81451 + 0.438140 A — 0.406275 B + 2.04287 C + 0.027108 AB — 1.00342 AC + -
0.200833 BC + 0.394926 A’ — 0.060319 B2 — 0.101770 C2

Table 1. Experimental value of ANOVA for the response surface quadratic model.
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Source Size (nm) (R?= 0.9497) PDI (R?= 0.9769) Zeta potential (mV) (R?= 0.9414)
Ss df MS F- p- Ss [df [ Ms F- p- Ss [df [ Ms F- p-
value value value value value value
Model < < <
25668.33 | 9 2852.04 20.99 0.0001 0.0493 9 | 0.0055 | 46.99 0.0001 488.10 | 9 54.23 17.84 0.0001
A: Chitosan’s < <
concentration 14274.20 1 14274.20 | 105.04 0.0001 0.0143 1 0.0143 | 122.92 0.0001 32.17 1 32.17 10.58 0.0087
B: Chitosan:
TPP ratio 82.20 1 82.20 0.6049 | 0.4547 | 0.0002 | 1 | 0.0002 1.95 0.1926 | 24.04 1 24.04 7.91 0.0184
C: Time of
<onication 1278 | 1| 1278 | 00941 | 0.7653 | 0.0021 | 1 | 0.0021 | 17.60 | 0.0018 | 24.86 | 1 | 24.86 | 818 | 0.0170
AB 1326.13 1 1326.13 9.76 0.0108 | 0.0038 | 1 | 0.0038 | 32.31 | 0.0002 | 0.2340 | 1 | 0.2340 | 0.0770 | 0.7871
AC 4487.58 1 4487.58 33.02 | 0.0002 | 0.0027 | 1 | 0.0027 | 23.58 | 0.0007 | 130.00 | 1 | 130.00 | 42.76 0 0?)01
BC 733.44 1 733.44 5.40 0.0425 | 0.0001 1 0.0001 | 0.4290 | 0.5273 35.28 1 35.28 11.60 0.0067
2
A 1620.91 1 1620.91 11.93 | 0.0062 | 0.0051 | 1 | 0.0051 | 43.46 0 0301 58.03 1 58.03 19.09 | 0.0014
2
B 3744.23 1 3744.23 27.55 0.0004 | 0.0138 1 0.0138 | 118.68 0 0301 31.14 1 31.14 10.24 0.0095
C? < <
2358.51 1 2358.51 17.36 | 0.0019 | 0.0067 | 1 | 0.0067 | 57.61 0.0001 16789 | 1 | 167.89 | 55.22 0.0001
Residual 1358.90 | 10 | 135.89 0.0012 | 10 | 0.0001 3040 | 10 | 3.04
Lack of Fit 981.87 5 196.37 2.60 0.1585 | 0.0008 | 5 | 0.0002 2.58 0.1605 | 23.79 5 4.76 3.60 0.0932
Pure Error 37703 | 5 75.41 0.0003 | 5 | 0.0001 661 | 5 | 1.32
Cor Total 27027.23 | 19 0.0505 | 19 518.51 | 19

Table 2. Experimental value of ANOVA for the response surface quadratic model.

Source Encapsulation efficiency (%) (R?= 0.9341) Drug loading (%) (R?= 0.9895)
SS df [ MS F- p- SS df | MS F- p-
value value value value
Model < <
480.20 9 | 5336 | 1574 | (00p | 4593 | 9 | 510 | 10469 | ;o000
A: Chitosan’s < <
concentration 190.60 1 | 190.60 | 56.23 | )oo0; | 3228 | 1 | 3228 | 662.26 | (o000
B: Chitosan:
PP rafio 2.20 1| 220 | 06500 | 04389 | 142 | 1 | 142 | 29.13 | 0.0003
C: Time of <
sonication 41.52 1| 4152 | 1225 | 00057 | 507 | 1 | 507 | 10392 | oq00)
AB 27.82 1 | 2782 | 821 | 0.0168 | 0.0078 | 1 | 0.0078 | 0.1596 | 0.6979
AC <
86.69 1| 8669 | 2558 | 00005 | 478 | 1 | 478 | 9811 | ;.00
BC 0.5941 1 | 05941 | 0.1753 | 0.6843 | 0.7260 | 1 | 0.7260 | 14.89 | 0.0032
A 59.29 1 | 59.29 | 17.49 | 0.0019 | 05919 | 1 | 05919 | 12.14 | 0.0059
B? 347 1 | 347 102 | 03357 | 02524 | 1 | 0.2524 | 5.18 | 0.0461
c? 30.61 1| 3061 | 9.03 | 00132 | 02677 | 1 | 02677 | 5.49 | 0.0411
Residual 33.89 10 | 3.39 0.4875 | 10 | 0.0487
Lack of Fit 24.56 5 | 491 263 | 01559 | 0.3941 | 5 | 0.0788 | 4.22 | 0.0700
Pure Error 9.33 5 | 1.87 0.0933 | 5 | 0.0187
Cor Total 514.10 19 4641 | 19

The best fitted quadratic model for the three
parameters was obtained via ANOVA analysis (Table
1 and 2). The coefficient of determination, R? values
of size, PDI, zeta potential, encapsulation efficiency
and drug loading were 0.9497, 0.9769, 0.9414, 0.9341
and 0.9895, respectively which were not very close to
unity but were still viable due to the high significance
of the developed models (p < 0.0001). R? value larger

than 80% indicated adequate agreement among actual
and predicted values which proves the developed
models are statistically sound and can be used to study
the effects of parameters on response values [17].
For the Lack of fit analysis, replicated design points
residual error was compared to pure error, indicating
the differences among responses around the fitted
model. ANOVA analysis revealed that chitosan’s
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concentration had the most significant influence on
size, PDI, zeta potential, encapsulation efficiency
and drug loading as the F-value of chitosan’s
concentration for all responses are the highest compared
to chitosan: TPP ratio and time of sonication. Further
interpretation of RSM surface plots were carried out
to understand the interaction effects of chitosan’s
concentration with other parameters on response.

Effects of Independent Variables on Size, PDI,
Zeta Potential, Encapsulation Efficiency and Drug
Loading

Figures 2, 3, 4, 5 and 6 illustrate three-dimensional
response surfaces plots by presenting the response
of two factors and keeping the other one constant
at its middle level. Each figure reveals the effects
of the selected parameters on A. excelsa-Chitosan
nanoparticles. For size, Figure 2a shows more influence
on the size of nanoparticles as the shape is more curved
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than Figure 2b and 2c. Figure 2a shows that the effect
of chitosan's concentration (mg/mL) and Chitosan:
TPP ratios on the size of nanoparticles at constant
time of sonication (mins) appears as a curved shape.
The plot shows that as chitosan's concentration
and Chitosan: TPP ratio increases, the size of
nanoparticles increases. Chitosan concentration
significantly affects the size of nanoparticles
(p<0.001, Table 1). For PDI, Figure 3b shows that low
chitosan concentration (mg/mL) and longer time of
sonication (min) result in a decrease in PDI values. A
low PDI value signifies higher homogeneity in size.
Meanwhile, at constant time, the value of PDI slightly
decreases as the chitosan concentration and chitosan:
TPP ratio increase (Figure 3a). At constant chitosan
concentration, PDI slightly increases as the chitosan:
TPP ratio and time increase (Figure 3c). Chitosan
concentration (mg/mL) significantly affects PDI
(p<0.001, Table 1).
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Figure 2. Response surface plots on size (a) Chitosan’s concentration vs Chitosan:TPP ratio, (b) Chitosan’s
concentration vs Time of sonication, and (c) Chitosan:TPP ratio vs Time of sonication.

Figure 3. Response surface plots on PDI (a) Chitosan’s concentration vs Chitosan:TPP ratio, (b) Chitosan’s
concentration vs Time of sonication, and (c) Chitosan:TPP ratio vs Time of sonication.
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Figure 4. Response surface plots on zeta potential (a) Chitosan’s concentration vs Chitosan:TPP ratio, (b)
Chitosan’s concentration vs Time of sonication, and (c) Chitosan:TPP ratio vs Time of sonication.
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Figure 5. Response surface plots on encapsulation efficiency (a) Chitosan’s concentration vs Chitosan:TPP
ratio, (b) Chitosan’s concentration vs Time of sonication, and (c) Chitosan:TPP ratio vs Time of sonication.
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Figure 6. Response surface plots on drug loading (a) Chitosan’s concentration vs Chitosan:TPP ratio, (b)
Chitosan’s concentration vs Time of sonication, and (c) Chitosan:TPP ratio vs Time of sonication.

As for the zeta potential, the response surface
showing the effect of chitosan's concentration and
time of sonication on nanoparticles at constant
Chitosan: TPP ratio shows decreasing trend (Figure
4b). It shows that the value of the zeta potential
gradually decreases with the increase in chitosan's
concentration and time of sonication. This indicates
that to get higher value of zeta potential, the chitosan’s
concentration and time of sonication have to be

lowered. Next, encapsulation efficiency (EE) shows
that at a constant time, as chitosan's concentration
increases and chitosan; TPP ratio decreases, the value
of EE decreases (Figure 5a). At a constant chitosan:
TPP ratio, the value of EE decreases as the chitosan
concentration and time increase (Figure 5b). Figure
5c shows that at constant chitosan concentration,
as chitosan: TPP ratio and time increase, the response
surface is almost horizontal and shows very little
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change. Figure 6b shows that as chitosan's concentration
and time increase, drug loading decreases. Both
chitosan concentration and time of sonication show
statistically highly significant effects on drug loading
(p<0.001, Table 2). Figure 6a shows that as chitosan’s
concentration and chitosan: TPP ratio increase, the
value of drug loading decreases while Figure 6¢
shows that a minimal change in drug loading value
is observed when chitosan’s concentration and time of
sonication increase.

Characterization
Fourier Transform Infrared (FTIR) Spectroscopy

The chemical structure of chitosan and TPP are shown
in Figure 7. FTIR spectra of Chitosan (CS), A. excelsa
ethanolic extract, Chitosan nanoparticles (CSNPs)
and A. excelsa-loaded CSNPs are shown in Figure
8, which reveals the occurrence of multiple functional
groups in their structure. CS powder (Figure 8b)
showed characteristic peaks at 3363.7 (for stretching
vibration of OH and NH,), 2882.2 (C-H bond
vibrations in alkanes), 1659.6 (C=0 bond vibrations
in the amide | molecules), 1378.7 (general OH groups
bending), 1155.1 and 1080.9 (correspond to the
stretching vibrations of C-~O—C bonds), and 607 cm?
(correspond to the vibration of pyranoside rings), which
are also confirmed by [15]. It is expected that cross-
linking of CS polymer with TPP molecules would shift
the peaks related to amide groups. Thus, comparing
FTIR spectra of A. excelsa-CSNPs, chitosan and empty
CSNPs in Figure 8a, b and d reveals that the peak at
3363.7 cm™ (-NH: groups stretching vibration in
CS) was shifted to 3175 cm™ in A. excelsa-CSNPs
attributing to the occurrence of TPP molecules [18].

(@)
Q(
OH NH
O HO
NHz OH

a
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In addition, the peaks at 1659.6 and 1421.2 cm?
in CS (relating to C=0 stretching of the amide 1)
were shifted to 1650.4 and 1411.5 cm™ in CSNPs,
indicating that the amine groups of CS and poly-
anionic phosphate groups of TPP may take part in the
reaction [18]. As can be seen in Figure 8c, absorption
bands of A. excelsa ethanolic extract functional groups
are observed. The intense bands occurring at 3339.4
cm?, 2976.9 cm™, 2900.9 cm?, 1658.5 cm™, 1380.8
cm?, 1088.9 cm?, and 878.01 cm™ corresponding to
O-H / C-O str/ N-H / O-H str/ C-H/ C=0 stretching ,
bending, vibrations respectively indicate the presence
of alcohol, phenol, amines, amides, carboxylic group,
ester, ether and amino acids group in leaves of
Azadirachta excelsa while the peak of 1047.6 cm!
corresponding to the C-O stretching of primary
alcohol (ethanol) [19].

FTIR analysis was performed to determine if
the entrapment of A. excelsa within CSNPs is chemical
or physical. One could anticipate a physical entrapment
if no or very slight changes in the FTIR spectrum were
noticed compared to the parental compounds, however
one explanation for the spectrum change is a potential
chemical reaction between A. excelsa and CSNPs.
Comparing the FTIR spectra of unloaded and loaded
with A.excelsa-CSNPs revealed no spectral differences,
indicating that A. excelsa was physically entrapped
(encapsulated) within CSNPs (Figures 8a and 8b).
Furthermore, the addition of A. excelsa to CSNPs
significantly increased the strength of the C-H
stretching bands at the locations of 3175, 2882.2,
1411.5, 1421.2, and 1080.9 cm-?, demonstrating the
successful encapsulation of A. excelsa into CSNPs.
Our findings were consistent with those found in past
research [15, 20].

O O 0]
[ 1
_O/ \\0/ \\O/ \\O_
o i O
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Figure 7. Chemical structure of (a) Chitosan and (b) Tripolyphosphate.
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Figure 8. FT-IR spectra of (a) A. excelsa-CSNPs, (b) chitosan, (c) A. excelsa extract and (d) empty CSNPs.

Morphology Analysis using Transmission Electron
Microscopy (TEM)

A. excelsa-CSNPs was successfully prepared using the
ionic gelation method. Size, polydispersity index and
zeta potential of the nanoparticles were analysed
using Dynamic Light Scattering (DLS). The A. excelsa-
CSNPs optimized value showed the particles’ size was
100-200 nm with polydispersity index of 0.390 in

ultrapure water and zeta potential of 86.8 mV. TEM
images of A. excelsa-CSNPs showed smooth spherical
nanoparticles (as shown in Figure 9).

CONCLUSION
The study showed that chitosan’s concentration was

the parameter with the most significant effect on size,
PDI, zeta potential, encapsulation efficiency and drug
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loading. The optimized condition established by RSM
were as follows: 1.0 mg/mL of chitosan’s concentration,
chitosan: TPP ratio of 4:1 and 3 minutes of time of
sonication which led to the formation of A. excelsa
loaded chitosan nanoparticles with the size of 100-
200 nm, PDI of 0.39, zeta potential of 86.6 mV,
encapsulation efficiency of 89.9% and drug loading
of 4.85%. FTIR results indicated no spectral change
between the components of A. excelsa-CSNPs,
confirming physical entrapment or encapsulation of
A. excelsa within CSNPs. Overall, CSNPs provide an
effective nanomaterial to encapsulate A. excelsa extract.

Synthesis and Optimization of Azadirachta
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Figure 9. TEM images of (a) Chitosan nanoparticles, CSNPs, (b) Chitosan-TPP nanoparticles and (c) A.
excelsa loaded Chitosan-TPP nanoparticles (Chitosan: 1.0 mg/mL; A. excelsa ethanolic extract: 1.0 mg/mL).
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