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Alzheimer’s disease (AD) is the most common cause of dementia worldwide. Fifty million
people today are affected by this disease globally. AD has had a tremendous impact on the affected
individual, caregiver, and society, in both developed and developing nations. Donepezil—chitosan-
gold nanocomposite (Donz-CS-AuNPs) was prepared by co-precipitation technique. Placket-Burman
experimental design was used in this work to estimate the effect of the three independent variables
(concentration of chitosan, gold, and donepezil) on the dependent variables (loading efficiency, and
particle size) by using Minitab 18.1 software. The quantities for the independent variables used
were: 10 and 40 mg of donepezil, 24.6 and 73.8 mg of gold, and 500 and 1500 mg of chitosan. The
Donz-CS-AuNPs were characterized using energy dispersive X-ray (EDX) analysis, X-ray diffraction
(XRD), scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), UV-Vis
spectroscopy and release study. The results of EDX showed strong signals of Au (1.5-2, 2-2.5 and
9.5-10 keV), which confirmed the specific gold peaks from the Donz-CS-AuNPs. The XRD pattern
of Donz-CS-AuNPs nanocomposites showed the existence of AuNPs peak at 20= 38.2°, 43.8° and
64.5°. The SEM images demonstrated spherical shapes of the AuNPs. In the in vitro release study, the
release increased steeply and reached 75% after 1440 min.
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1. Introduction

A drug delivery system is a formulation or device that
allows a drug and other substances to be introduced into the
body and increases its safety and efficacy by managing the
time, rate, and location of drug release in the body. A drug
delivery includes the administration of the therapeutic
product, the release of the active substance by the product,
and the transport of the active ingredients across biological
membranes to the site of action'.

Nanoparticles (NPs) are microscopic particles with
dimensions less than 100 nm and have numerous applications.
NPs are constantly being developed in medicine for medication
delivery, disease screening, and tissue engineering?. NPs can
be classified into several groups, such as polymeric NPs,
dendrimers, micelles, liposomes, and inorganic NPs like
gold NPs, quantum dots, and super magnetic iron oxide”.

The exceptional properties of NPs, such as higher
therapeutic efficacy, higher stability, lower toxicity, ability to
encapsulate, and the ability to deliver both hydrophilic and
hydrophobic drugs and change undesirable pharmacokinetics
of drugs, enable them to be used in medicine as therapeutics
carriers and for diagnostic purposes®.

Twomethods are used for the preparation of gold NPs
(AuNPs): ‘top-down’ and ‘bottom-up’. The ‘top-down’
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method requires more energy and instrumentation and
causes defects in the surface structure of the products, which
impact their physicochemical properties®!°. The ‘bottom-
up’ method involves the self-assembly of gold atoms into
uniformly sized AuNPs, which is easily controlled and cost-
effective!!. The bottom-up method has different preparation
ways, including biosynthesis, chemical synthesis (chemical
reduction, spinning, and sol-gel process), and physical methods
(photochemical, electrochemical, and sonochemical)'>!3.
The chemical reduction method for AuNPs has different
merits because of its homogeneity, dispersion, enhanced
stability, and precise control over size and shape.

AuNPs have many properties, such as surface plasmon
resonance (SPR), and because of their surface’s capacity
to be functionalized with a wide range of ligands, they are
actively involved in drug delivery, diagnostics, therapy,
and bio-sensing'*.

Donepezil (Donz) is a centrally acting, reversible and
noncompetitive acetyl cholinesterase (AChE) inhibitor
used to inhibit AChE, which causes degradation of ACh in
nucleus basalis and associated areas and hence increases the
concentration of ACh in the brain, and enhances cholinergic
neurotransmission'®. Donz is used to treat Alzheimer’s
disease in people who have mild to moderate symptoms.
It is metabolized into four primary metabolites by the CYP
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450 isoenzymes 3A4 and 2D6, followed by glucuronidation
and urine elimination. To obtain better bioavailability, smaller
pharmacological molecules with low aqueous solubility
(0.0045 mg/mL) must be synthesized either using a micellar
method or maybe employing NPs'®.

Many researchers used Donz-NPs to increase the delivery
of'the drug to the brain via the olfactory pathway and across
the blood-brain barrier (BBB), such as Donz-PLGA-b-PEG
polymer or Donz-chitosan'”.

Chitosan is a natural biodegradable and linear polysaccharide
consisting of B-(1—4)-linked D-glucosamine (deacetylated
unit) and N-acetyl-D-glucosamine (acetylated unit) that are
randomly distributed. The majority of chitosan is positively
charged in an acidic environment, as a result of the presence
of amino groups'®.

Chitosan (CS) is broadly used in drug delivery systems
as a carrier and is considered very effective as a reducing
agent and stabilizing agent for preparations of AuNPs".
Additionally, CS as a cationic polymer gives a positive
charge to the surface of AuNPs and enhances their affinity
to negatively charged targets such as nucleic acids and cell
membranes®?!, A double electric layer around the AuNPs
is generated by an ionic surfactant possessing extended end
chains, and a CS polar head group which offers steric repulsion
within the AuNPs, thus preventing the agglomeration of
AuNPs, and giving rise to a mutual stabilization system*?*.

In recent years, the interest in neurodegenerative illnesses
has increased. Different methods are being studied to increase
drug uptake in the brain by crossing the BBB, which isolates
and protects the brain from the entry of unwanted molecules
circulating in the blood. The BBB is characterized by having
impermeable endothelial cells with tight junctions, an active
efflux transport system and enzymatic activity, which permit
specific and selective molecules to enter the brain, which
consequently means that many useful drugs are excluded®.
Therefore, drugs which have problem in stability, solubility,
selectivity, toxicity, and multiple doses can be resolved by
using suitable NPs.

Despite the obvious usage of NPs to increase drug
delivery in the brain via multiple methods of administration,
2-5 particles larger than 250-300 nm are an ineffective drug
delivery in the brain due to lower penetration transport across
paracellular and intracellular areas. These limitations can
be solved by using nanocarriers, which result in effective
medication transport across the BBB.

The aim of the current study is to prepare and characterize
CS-encapsulated Donz with subsequent loading on AuNPs
to generate a novel ternary system of Donz-CS-AuNPs
nanocomposites for the first time. Placket-Burman experimental
design was used in this work to estimate the effect of the
three independent variables (concentration of chitosan,
gold, and donepezil) on the dependent variables (loading
efficiency, and particle size).

2. Materials and Methods

2.1. Materials

Gold chloride trihydrate (HAuCl,-3H,0) with molecular
weight 393.83 g/mol, chitosan polymer with low molecular
weight, and donepezil (C,,H,,NO,) with molecular weight
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415.95 g/mol used in this study were purchased from Sigma
Aldrich Company (USA). Sodium borohydride (NaBH,)
with molecular weight 37.83 g/mol, was purchased from
Oxford company (India). Phosphate buffer saline solution
with a composition of 0.0027 M potassium chloride and
0.137 M sodium chloride, pH 7.4, was purchased from
Sigma-Aldrich (United States).

2.2. Design of experiment

Placket-Burman experimental design was used in
this work to estimate the effect of the three independent
variables (concentration of chitosan, gold, and donepezil)
on the dependent variables (percent loading efficiency, and
particle size) by using Minitab 18.1 software. The levels for
the independent variable’s levels were obtained by Plackett-
Burman design and were as follows: Donz (10 and 40 mg),
gold (24.6 and 73.8 mg) and CS (500 and 1500 mg).

2.3. Preparation of CS-AuNPs

The sodium borohydride was prepared by dissolving
29.8 mg in 40 ml distilled water. Gold chloride trihydrate
solutions were prepared by dissolving 24.6 and 73.8 mg
into 50 ml distilled water. In addition, the chitosan solution
was prepared by dissolving 0.5 and 1.5 mg of chitosan in
2% acetic acid.

The CS-AuNPs were prepared by mixing the solution
of chitosan with gold. After that, sodium borohydride was
added to the mixture of solutions, and the colloid formed
was an intense red color. The AuNPs formed were constantly
stirred for one hour, then centrifuged for one hour at a speed
of 11000 rpm, then washed in distilled water, and finally
dried in the oven at 40 °C.

2.4. Preparation of Donz-CS-AuNPs
nanocomposites

To prepare the Donz-CS-AuNPs nanocomposites, 10 and
40 mg of Donz were dissolved in distilled water and mixed
with a solution of gold and chitosan. Sodium borohydride
solution was then added to the last mixture of solutions.
The solution color changed to red, which indicates formation
of Donz-AuNPs. The components were stirred for one hour,
then centrifuged for 1 hour at a speed of 11000 rpm, then
washed in distilled water, and finally dried in the oven at 40 °C.

2.5. Determination of the loading efficiency of
Donz in Donz-CS-AuNPs nanocomposites

The loading efficiency of Donz in the nanocomposites
was calculated using ultracentrifugation equipment and the
following equation:

Concentration of drug used —

. . Concentration of drug in supernatent
%ULoading Efficiency = - x 100
mass of nanocomposite

2.6. In vitro release study of Donz from Donz-CS-
AuNPs nanocomposites
Perkin Elmer UV-vis spectrophotometer was used to

estimate vitro release of Donz from the nanocomposites
in a potassium buffer phosphate (PBS) at pH 7.4. Suitable
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amounts of each nanocomposite were mixed with PBS.
The total amount of Donz released into the release media
was automatically measured every 10 minutes for the next
24 hours at the corresponding A __ . Percent release of Donz
in the PBS was calculated as per the below equation:

Concentration of drug at time t (ppm)

0 -
YoRelease = Concentration of drug in the x 100

nanocomposites (ppm)

2.7. Optimization of the best model

Response surface methodology (RSM) is a one statistical
and mathematical tool used to optimize the influences of
process variables based on the design of an experiment.
RSM minimizes the number of trials and indicates how
process parameters influence the removal process. In the
present study, optimal conditions were obtained at the highest
loading efficiency, and the lowest particle size.

2.8. Instrumentation

Powder X-ray diffraction (XRD) patterns were used to
determine the crystal structures of the AuNPs and Donz-CS-
AuNPs nanocomposites samples over a range of 30°-85°, using
an XRD-6000 diffractometer (Shimadzu, Tokyo, Japan) with
CuKa radiation (1 1.5406 A) at 30 kV and 30 mA. Fourier
transform infrared (FTIR) spectra of the materials were
recorded over a range 0f400—4,000 cm! using a Perkin Elmer
(model smart UAIR-tow). ANOVA™ Nano SEM 230 (FEI,
Hillsboro, OR USA) scanning electron microscope (SEM)
was used to observe the surface morphologies of the samples.
Ultraviolet-visible spectra were generated both to determine
the optical properties and for controlled release studies, using
an ultraviolet-visible spectrophotometer (PerkinElmer).

3. Result and Discussion

Minitab 18.1 software analyzed the results and determined
the optimized formulation of Donz-CS-AuNPs. The design
matrix is based on three factors: A, B, and C, representing
concentrations of CS, Donz, and gold at varying levels of
each factor, using the Plackett-Burman design (PBD).

The results were obtained for 12 experimental runs
required for regression analysis. In Table 1 all factors (A,

Table 1. Data results for loading efficiency (LE%), and particle size.

B, and C) have been evaluated to illustrate the impact of
factors on loading efficiency, and particle size.

3.1. Effect of formulation factors on loading
efficiency (LE%) and particle size

3.1.1. Analysis of variance (ANOVA) for loading
efficiency (LE%)

ANOVA is a structural system that serves as the basis
for significance tests and gives information about the levels
of variability within a regression model and can be used to
detect the reliability of a design model by reducing random
variability. In ANOVA analysis, the p-value is a statistical
measurement used to test a hypothesis against actual data to
decide whether to accept or reject a null hypothesis. If the
p-value is equal to 0.05 or lower, the system considers it
statistically significant. There is an inverse relationship
between p-values and F-values. Table 2 below demonstrates
that the model is significant because the p-value is lower
than 0.05 and the F-value is high. The two factors (CS and
drug) have a significant effect on loading efficiency. This
is because F-values are high and p-values are lower than
(0.05) when compared with another factor (gold), which has
a non-significant effect on loading efficiency because the
p-value in this case is (0.076), which is higher than (0.05),
and the F- value is low.

The CS concentration was shown to be a significant
parameter for optimizing the loading efficiency of Donz-
CS-AuNPs nanocomposites over a long time because of
its dual activity; first, it acts as a stabilizing agent due to its
high molecular weight and high viscosity, which prevents
aggregation, and second, it acts as a reducing agent for the
nanoparticles®.

In addition, the drug concentration is also an essential
parameter of the loading efficiency of the Donz-CS-AuNPs.
As is evident in Table 3, an increase in loading efficiency
occurred when the concentration of the drug increased, as
a result of an increase in the chance of the drug particles
binding with the AuNPs.

Lack of fit is a test used when data contains replicates
(multiple observations with the same X-value). The p-value
is compared to a significant level to determine whether the
model accurately fits the data or not. If the p-value is equal

Run Order CS (g) Drug (mg) Gold (mg) %LE Size (nm)
1 0.5 10.0 73.8 25.0 *
2 0.5 10.0 24.6 28.2 60
3 1.5 10.0 73.8 11.5 59
4 1.5 40.0 24.6 41.1 110
5 1.5 40.0 24.6 40.5 100
6 1.5 10.0 24.6 * 82
7 0.5 10.0 24.6 26.9 60
8 0.5 40.0 73.8 83.9 60
9 0.5 40.0 24.6 53.1 70
10 0.5 40.0 73.8 65.0 48
11 1.5 40.0 73.8 69.2 80
12 1.5 10.0 73.8 10.5 59
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Table 2. Analysis of variance (ANOVA) for loading efficiency (LE%), and particle size.
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loading efficiency (LE%)

particle size

Source  HSS AQMS FVale PVale Coef TValuie VIF AdSS AdMS FValie PValie Coef TValue  VIF
Regression 51419 171397 1892  0.001 354521 118174 4235  0.000
cs 8457 84570 933 0018 -17.81 -3.06  1.02 1849.19 1849.19 6627 0.000 2633  8.14  1.02
Drug 45650 456504 5039 0000 1379  7.10  1.02  962.67 962.67 3450 0.001 0.633 587  1.02
Gold 39301 39312 434 0076 0247 208  1.02 1493.63 149363 5353  0.000 04810 732  1.02
Error 6342 90.60 19533 27.90
Lack-of-Fit 4540 15135 336  0.136 7333 2444 080  0.554
Pure Error 180.1 45.03 122.00  30.50
Total 5776.1 3740.55
R R? = 89.02%, R? (adj) = 84.32%, R? (pred) =73.52% R? = 94.78%, R? (adj) =92.54%, R? (pred) =87.04%
R:qgiztsis(iﬁn %LE=930- 17.81 CS + 1.379 Drug + 0.247 Gold Particle size=50.00 +26.33 CS + 0.633 Drug - 0.4810 Gold

VIF = variance inflation factor, *Adj SS = adjusted sums of squares, *Adj MS = adjusted mean squares, DF = degree of freedom

Table 3. Summary of validation parameters for loading efficiency (LE%), and particle size models.

Concentrations Experimental response Predicted values Observed values Bias (%)

Drug (10.0 mg) LE (%) 324 35.5 9.6
CS-Polymer (0.5 g) . .

Gold (73.8 mg) Particle Size (nm) 34.0 39.2 15.3

Drug (20.0 mg) LE (%) 31.1 29.5 -5.1
CS-Polymer (1.0 g) . .

Gold (50.2 mg) Particle Size (nm) 65.0 70.2 8.0

Drug (30.0 mg) LE (%) 30.2 34.0 12.6
CS-Pol 1.5

olymer (1.5 ) Particle Size (nm) 97.0 90.0 72

Gold (25.0 mg)

% Bias was calculated as (observed value —predicted value) /predicted value x100

to (0.05) or lower, the model does not accurately fit the data.
To get a better model in the experimental design, the “lack
of fit F-value” must be insignificant. In this model, the lack
of fitis (0.136), which is higher than (0.05) and insignificant.

To evaluate the model performance, analysis of determinate
the coefficients R-squared (R?), predicted R-squared, and
adjusted R squared were tabulated in Table 2.

R-squared (R2) is a statistical measure that shows the
proportion of variation explained by an independent variable
or variables in a regression model for a dependent variable.
The R-squared value indicates how much the variation of
one variable explains the variance of the other. The data of
the model are fitted better when R2. lue is high. R-squared is
defined as the percentage ranging from (0 to 100), with
100 indicating perfect correlation and zero indicating no
association. R-squared always increases as the number of
effects is included in the model®.

Adjusted R-squared is a variant of R-squared that
considers the number of predictors in the model. When the
effect improves the model more than expected by chance, the
adjusted R-squared increases; when a predictor improves the
model by less than expected, the value decreases. The adjusted
R-squared is usually positive rather than negative. It is never
greater than R-squared; it is less than or equal to R2?".

On the other hand, predicted R-squared measures
how well a regression model predicts responses to new
observations. This statistic indicates when the model fits the
original data but is less capable of making valid predictions
for new observations®.

Table 3 calculates the ratio of total variability represented
by the model. For loading efficiency, R-squared is 89.02%
which is close to 100%, and indicates the model was reliable
and closely fit actual data. As a result, the adjusted R-squared
is 84.32%. R-squared is calculated to be 73.52% based on
the prediction statistic. The difference between “predicted
R?” (73.52%) and “adjusted R* 84.32%) is 10.8%. This
indicated that the “predicted R?”isinareasonable agreement
with “adjusted R?”.Ifthere is a difference greater than 20%,
a data problem or model distribution will occur®.

In a multiple regression model, multicollinearity
(variance inflation factor) occurs when high intercorrelations
exist between two or more independent variables. When
a researcher or analyst tries to figure out how well each
independent variable can be utilized to predict or comprehend
the dependent variable in a statistical model, multicollinearity
can lead to skewed or misleading conclusions, as shown in
Table 3. If the variance inflation factor (VIF) is more than
10, the factors in the regression are strongly associated,
the regression coefficient has a high variance, the model
is less reliable, and vice versa. Because the VIF values in
Table 2 are (1.02), which is less than 10, the model has low
variance on the regression coefficient and consequently low
multicollinearity.

Adjusted sums of squares (Adj SS) are measurements
of variation for various model components. The model’s
predictors’ order does not affect the adjusted sum of squares
calculation.
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3.1.2. Analysis of variance (ANOVA) for particle size

Analysis of variance related to size is shown in Table 3.
Using p-value models in the analysis showed that the chitosan,
drug, and gold nanoparticles are statistically significant because
of'a p-value below 0.05 and a high F-value. Also, the lack of
fit is insignificant due to the p-value being higher than 0.05.

In Table 2, the model demonstrates the proportionate total
variability, which R-squared explains. R-squared has a value
0f'94.78%. As a result, the adjusted R-squared is calculated
to be 92.54%. R-squared is calculated to be 87.04% based
on prediction statistics. The difference between “predicted
R?” (87.04%) and “adjusted R*” (92.54%) is 5.5%. This
indicated that the “predicted R*” is in a reasonable agreement
with “adjusted R*”.

The multicollinearity (VIF) values are (1.02), as shown in
Table 2, indicating the variance of the regression coefficient
for the size of the nanoparticle is low so that we can say the
model is going to be reliable.

The T-value indicates the magnitude of the difference
compared to the variation in the sample data. T is simply the
calculated difference presented in standard error units. The

a-1
Contour Plot of %LE vs Gold; Drug
%LE
70 < 20
20 - 30
60 W30-40
40 - 50
50 - 60
250 H 60
(G] Hold Values
40 CS095
30
10 15 20 25 30 35 40
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b-1
Contour Plot of %LE vs Gold; CS
%LE
<30
130 - 36
36— 2
mL-48
= -5
& m >
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Drug 264
050 075 100 125 150
[
c-1
Contour Plot of %LE vs Drug; CS
i %LE
[ | <10
35 W0-20
m20-30
30 1130 - 40
o 1 40 - 50
225 1 50 - 60
(=] ] > 60

Hold Values
Gold 51.4

10
050 075 100 125 150

cs

larger the magnitude of T, the more evidence there is a
statistically significant difference. The closer T is to 0, the
less likely a significant difference exists. In Table 2, the CS
and drug are more statistically significant differences than
gold nanoparticles.

3.2. Contour and surface plot contour and
surface plot for loading efficiency and
particle size

3.2.1. Contour plot and surface plot for loading
efficiency

Contour plots are graphics used to visualize the relationship
between loading efficiency and two continuous variables.
In a contour plot, points with the same response value are
joined to form contour lines in a two-dimensional (2D) view
X-axis and Y-axis. In Figure 1(a-1), the region of highest
loading efficiency appeared when using a high concentration
of drugs and a wide range concentration of gold nanoparticles
(50-70) mg. The effect of CS and gold nanoparticles on
the loading efficiency is represented in Figure 1(b-1). This

a-2
Surface Plot of %LE vs Gold; Drug
(e

7] Hold Values
‘ 5095
60 | ‘
%LE 49 ‘ 1
780
20 { /60
B /gy Gold
20—t
Drug 40

b-2

Hold Values
Drug 26.3

c-2

T Hold Values

‘ Gold 514
6 | ‘
HE 40 ‘ |
2 J -4
‘L /30
e /o Drmug
) 10 10
s 15

Figure 1. Contour plot and surface plot for loading efficiency against gold, drug, CS.
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result reveals that the highest loading efficiency above 54%
was obtained when the concentration of CS was very low
and the concentration of gold very high. The last contour
Figure 1(c-1) explains the relationship between CS and
drug on the loading efficiency, and the results demonstrate
that the highest loading efficiency was obtained when using
a wide range of CS concentration (0.5-1) mg and a high
concentration of the drug.

Surface plots are three-dimensional data representations.
Surface plots illustrate a functional relationship between a set
of dependent variables on the x- and y-axes and the response
variable (loading efficiency) (z), which is represented by a
smooth surface. Figure 1(a-2) represents the interaction plots
between gold and drug with respect to loading efficiency
(LE%); the response increases when the surface becomes
darker. Therefore, the highest loading efficiency can be
achieved by using a high concentration of drug and a wide
range of AuNPs nanoparticles (50-70) mg.

Figure 1(b-2) shows the interaction plot between AuNPs
and CS with respect to loading efficiency. The darker surface
appeared when using a very small quantity of CS and a very
high quantity of AuNPs to achieve loading efficiency equal
to or above 54%.

a-1

Contour Plot of Size (nm) vs Gold; Drug

70 Size
(nm)
< 50
60 50 - 60
Weo-70
W70- 8
2 50 WE0- %
(G] [ ] > 90
40 Hmcds\f(‘)ues
30
10 15 20 25 30 35 40
Drug
b-1
Contour Plot of Size (nm) vs Gold; CS
70 Size
(nhm)
< 50
60 50 - 60
We60-70
W70- 8
250 W50~ %
C) H 9
40 Hold Values
Drug 263
30
0.50 075 100 125 150
cs
c-1
Corlitoour Plot of Size (nm) vs Drug; CS
Size
35 (nm)
<50
50 - 60
30 W60 - 70
o W70- 8
225 - %
o m >0
20 Hold Values
46.96
15

10
0.50 075 100 125 150
cs
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Figure 1(c-2) illustrates the relationship between CS
and drug on the loading efficiency, and the result showed
that the highest loading efficiency can be achieved by
using a high concentration of drug and a wide range of
AuNPs (50-70) mg.

3.2.2. Contour plot and surface plot for particle size

The variables (gold, drug, and CS) that affect the particle
size response are shown in Figure 2 as a contour plot and
surface plot. Figure 2a-1 and Figure 2a-2 represent the
interaction plot between gold and drug against particle size
as output. The result illustrated in these figures is that the
smallest particle size values can be obtained by decreasing
the concentration of the drug and increasing the concentration
of gold in the sample above 70 mg.

In Figure 2b-1, the contour plot showed that the
smallest particle size was obtained at low concentrations
of CS (0.5-0.7) mg and high concentrations of gold (62-
70) mg; the surface is minimal in Figure 2b-2. In addition,
Figures 2(c-1) and 2(c-2) show that the particle size is
affected by using different concentrations of CS and drug.
A small concentration of CS and drug is used to get a
particle size less than 90 nm.

a-2
Surface Plot of Size (nm) vs Gold; Drug

Hold Values

10
90
Size(nm) 75 _/'
60 &
60
2 Gold
10 2
30
Drug 0 2
b-2

Surface Plot of Size (nm) vs Gold; CS

Hold Values

263
s 80 /
Size (nm) )

60 80

60
@ Gold

100

40
05

c-2
Surface Plot of Size (nm) vs Drug; CS

_, Hold Values
4696
95

80
Size (nm)
65

50 30
)0 Drug

10 10
[+ 15

05

Figure 2. Contour and surface plots for particle size against gold, drug and CS.
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3.3. Optimization of loading efficiency and
particle size models

Response surface methodology (RSM) is a statistical
tool used for optimization and finding the best set of factor
levels to achieve a goal.

The main goal of RSM is to generate knowledge in
the experimental domain of interest, accurately estimate
experimental variability, propose sequential strategies for
carrying out the experiment with various alternatives based
on the results obtained, and make decision-making possible
under uncertain conditions while reducing ambiguity.

To obtain an optimum formula with the highest loading
efficiency and smallest particle size, (1.5) g of CS, (39.1975)
mg of the drug, and (24.6) mg of gold is needed. This will
produce a formula with (42.7183%) loading efficiency, and
(102.4918) mg of particle size.

3.4. Validation of loading efficiency, and particle
size models

The validation of a model is described as comparing
the model’s forecasts to the values observed in the existing
system to determine if the model is valid for the intended
purpose. To examine validation, the value of bias on the
system is used. The bias of an estimator in statistics is the
difference between the estimator’s expected value and the

e Therapy

actual value of the parameter being evaluated. An unbiased
estimator or decision rule has zero bias.

Table 3 demonstrates the percentage of bias between
predicted and observed values to determine if the model is
valid or not. In the first formula, when (drug = 10.0 mg),
(CS-polymer = 0.5 g), and (Gold = 73.8 mg), the bias values
were (9.6%, 15.3%) for LE (%) and particle size (nm),
respectively. For the second formula, bias values were (-5.1%,
8.0%,) for LE (%) and particle size (nm), respectively, when
(drug=20.0 mg), (CS-polymer = 1g), and (gold = 50.2 mg).
Finally, the third formula had bias values of (12.6%, -7.2%)
for LE (%), and particle ize (nm), respectively, when the
concentrations were (drug =30.0 mg), (CS-polymer=1.5 g),
and (gold = 25.0 mg). The result demonstrated that the
model is valid because there is a good correlation between
predicted and experimental values.

3.5. Characterization of Donz-CS-AuNPs
nanocomposites

3.5.1. EDX spectra of Donz-CS-AuNPs
nanocomposites
Element composition of Donz-CS-AuNPs nanocomposites

deposited on IDE thin films is shown in Figure 3a. In this
study, respective relevant spectrums with strong signals of

0 1 2
Fuil Scale 2845 cts Cursor: 0.000
e s > i3

Mag= 5000KX EHT =1000KV
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Figure 3. EDX spectrum of CS-AuNPs nanoparticles (a), scanning electron microscopes (b), and histogram for particle size distribution (c).
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Au (1.5-2,2-2.5 and 9.5-10 keV) at characteristic energy
were observed, which confirmed the specific gold peaks from
the sample. In addition, the oxygen, chlorine, and sodium
were found in traces due to water moisture and carbon
adhesive used in the sample preparation prior to taking the
SEM micrograph for the EDX profile. Signals from iron and
other elements originated from grid®. As shown in Figure 3b,
the SEM images demonstrated spherical shapes of the CS-
AuNPs, and the average diameter was 130 nm (Figure 3c).

3.5.2. XRD analysis

XRD analysis was carried out to confirm and identify the
crystalline structure of the Donz-CS-AuNPs nanocomposites
containing CS. Figure 4 shows the representative XRD
pattern of the Donz-CS-AuNPs nanocomposites prepared
by chemical method after complete reduction of Au’* to
Au’. The XRD pattern of Donz-CS-AuNPs nanocomposites
showed the existence of CS peak at 20 = 19.4°, as well as
those of CS-AuNPs at 20=38.2°, 43.8° and 64.5°, which can
be due to the 111, 200 and 220 planes, respectively. These
three peaks confirmed that the CS-AuNPs exist in the face
centered cubic crystal structure according to JCPDS card
no. 04-0784°'. From the literature, donepezil hydrochloride
(Donz-HCI) represented a crystalline nature with three peaks
at 20= 6.64°, 6.87°, and 13.00°32. In our work, the absence
of Donz-HCI peaks confirmed that the drug was dispersed
in the CS*.

3.5.3. FTIR analysis

The FT-IR scans of both Donz-HCI and the Donz-CS-
AuNPs nanocomposites were scanned. The FT-IR of pure
Donz-HCl revealed a sharp peak at 3586 cm™! as seen in
Figure 5a, which corresponds to the water of hydration.
At 1683 cm™, the most intensive band indicated a stretching
vibration of the C=0 group in the structure. Another band
from C=C in the aromatic ring appeared around 1601 cm'.
However, the sharp absorption band of C-N in the structure
appears at 1315 cm™!.

The FTIR spectra of CS-AuNPs were analyzed from
the literature to detect potential interactions between CS
functional groups and AuNPs. Chemical interactions between
two or more substances are represented as a shift or changes
in the characteristic spectrum peaks. The FTIR spectra
of CS-AuNPs showed nearly identical peaks to pure CS,

1200 -
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800 |
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Intensity

400

200
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Figure 4. XRD patterns of the Donz-CS-AuNPs nanocomposites.
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indicating uniform CS deposition over AuNPs. The main
difference between CS-AuNPs and pure CS in the FTIR is
the shifting in the broad band of (O—H or N—H) groups from
(3357-3271) em' to (2992-2901) cm™!, and the removal of
apeak at 2856 cm'. Figure 5Sb demonstrates FTIR spectrum
of Donz-CS-AuNPs nanocomposites.

The CS in this work acts both as a reducing and stabilizing
agent, by reducing the Au™ ions to Au (0), thus forming
the AuNPs. According to literature, the electrostatic forces
between the positively charged amino groups in CS and the
negatively charged AuNPs, led to the preparation of CS-
AuNPs with high stability3>**. Figure 6 shows the expected
interaction between Donz and CS-AuNPs.

3.5.4. UV —scan of CS-AuNPs

CS-AuNPs have a unique optical property known as
localized surface plasmon resonance (LSPR), which is the
collective oscillation of electrons in the conduction band of
gold nanoparticles in resonance with a specific wavelength
of incident light. Using UV-Vis spectroscopy, CS-AuNPs
LSPR produces a high absorbance band in the visible region
(517 nm) (Figure 7).

3.5.5. In vitro study of Donz release from the Donz-CS-
AuNPs nanocomposites

In vitro, Donz release tests from Donz-CS-AuNPs
nanocomposites were performed using phosphate-buffered
saline (PBS) medium at pH 7.4 to simulate intestinal fluid.
As seen in Figure 8, the first-time release (from 0-150
minutes) showed slow release. Then, the release

4005@)602500 2000 1500 1000 500
1)

Figure 5. The FT-IR spectra of Donz-HCl (A), and Donz-CS-AuNPs
nanocomposites (B).
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Figure 9. Data fitting for Donz release from Donz-CS-AuNPs nanocomposites using different kinetic models.

Table 4. The kinetics equations of the models used in fitting the
Donz drug release data.

Models

Equation

Zero order q =kt

Pseudo-first order In (qc —q, ) =Inq, -kt

t/q =1/k,q’ +t/q,
ot :KH\/E

e ke
a.

Pseudo-second order

Higuchi

Hixson-Crowell

Korsmeyer-Peppas

k, is the rate constant for each release kinetics. q_ is the quantity released
at equilibrium. q_ is the quantity released at any time (t). M, is the initial
quantity of drug in the nanocomposite. g, is the release at infinite time.

from Donz-CS-AuNPs nanocomposites increases steeply
with controlled release properties®. The maximum release

reached 75% after 1440 min. These results were due to the
ionic interactions between the Donz drug and CS-AuNPs.

3.5.6. Donz-CS-AuNPs release kinetics

The release behaviors of Donz from Donz-CS-AuNPs
nanocomposites can be explained by the different kinetics
models shown in Table 4.

Donz release kinetics from the Donz-CS-AuNPs
nanocomposites is shown in Figure 9 with regression
coefficient (R’) values. The model that gave greater R’ values
was studied in a selected fit model. It was also seen that the
release of Donz from Donz-CS-AuNPs nanocomposites
followed the Pseudo-second order kinetic model*”-,

4. Conclusion

In conclusion, the overall goal of this study has been
achieved by preparing Donz-CS-AuNPs to enhance the
delivery of the drug to the brain by using CS as a stabilizing
agent, and sodium borohydride as a reducing agent of gold.
The minitab18.01 software was used to determine the best
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formulation of Donz-CS-AuNPs nanocomposites, and
evaluate factors affecting loading efficiency, and particle
size. The results revealed that loading efficiency is affected
by the concentration of CS and drug so that the higher
concentration of drug and lower concentration of CS led to
increased loading efficiency. Finally, particle size is affected
by the concentration of the drug, CS, and AuNPs, so that
smaller particle sizes can be obtained by increasing the
concentration of AuNPs and decreasing the concentration
of the drug and CS.
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