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Abstract

Alzheimer’s Disease (AD), the most common form of dementia continues to be the deadliest neuro degenerative disease in recent
years. Despite significant efforts to mitigate the progression of the disease, there is no known cure and development towards a more
effective treatment is still lacking. AD is marked by exceptionally low amount of acetylcholine in the brain, formation of tau protein,
and amyloid beta plaque. Current drugs of choice for treating AD, namely donepezil and memantine, are acetylcholinesterase (AChE)
inhibitors which focused on delaying the onset of cognitive decline by maintaining acetylcholine concentration. Gambier water
extract (GWE) contains high level of polyphenols which act as an antioxidant, exhibit strong correlation with AChE inhibitor. The aim
of this research is to formulate and encapsulate GWE inside a microparticle system composed of chitosan and different crosslinkers,
STPP (IMGS) and CaCl, (IMGC), which were then characterized as AChE inhibitor using Ellman’s method. Variations of the formula
were designed following Box-Behnken experimental design with chitosan and crosslinker concentration, crosslinker type, and stirring
speed as variables. Initial activity of GWE, IMGS and IMGC as antioxidant were confirmed with DPPH method, obtaining a strong
activity of 88.01, 82.11, and 84.99% DPPH inhibition at 100 ppm respectively. Promisingly, at concentration of 100 ppm GWE
demonstrated AChE inhibition of 30.36%. However, this activity reduced after encapsulation into IMGS and IMGC, with 14.63% and
18.65% AChE inhibition, which can be linked to the relatively sustained diffusion of GWE from the polymer matrix. IMGS and IMGC
diffusion profile showed release of 23.24% and 21.89% after 6 hours, with significant increase in diffusion after 24 hours with 74.92%
and 71.19% respectively. Despite showing sustained release behaviour, both IMGS and IMGC ex-vivo diffusion significantly improved
when compared to GWE which only diffused 51.84% after 24 hours. This result indicates encapsulation of GWE into a polymeric
carrier could increase gambier diffusion through the nasal mucous membrane, significantly improving the potential to penetrate into
the brain systemic circulation. Combined with desirable intranasal delivery characteristics, this research was able to demonstrate the
promising potential of gambier water extract polymeric system as AChE inhibitors for AD therapy.
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1. INTRODUCTION

Alzheimer’s Disease (AD) is a neurodegenerative disorder char-
acterised by a decrease in cognitive function, orientation, calcu-
lation, learning capacity, language, and decision making (Peng
etal., 2023; van der Flier et al., 2023). In a 2023 report, AD
caused more deaths than breast cancer and prostate cancer com-
bined with poor prognosis. Studies indicate that 1 in 8 people
with dementia including AD only have four to eight years of
survival post diagnosis (Association, 2028). One of the widely
known causes of AD is due to the decrease of acetylcholine
concentration impacted by cholinergic nerve degeneration (Ar-
vanitakis et al., 2019; Colovic et al., 2018). Pervin et al. (2014)
stated that one of the treatment of Alzheimer is to prevent the

decrease of acetylcholine concentration by inhibiting AChE
which can be done by giving natural antioxidant that can ward
off free radical, which in this research was conducted by utilis-
ing antioxidant rich gambier extract.

Indonesia is the world’s leading gambier (Uncaria gambir
Roxb.) exporter with data in 2018 showing 80% of exports
originated from Indonesia (Yeni et al., 2014). Among native
indigenous population of Malay peninsula and Sumatera, gam-
bier is used as raw material for abdominal pain and toothache
(Nazir, 2000). Gambier contains functional compounds be-
longing to the class of polyphenols, especially catechins. The
main components of gambier include catechu tannic acids (20

— 50%), catechins (7 — 88%), and pyrocatechol (20 — 30%). Cat-
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echins as the most abundant phytochemical in gambier have
activity as antioxidant, antibacterial, antiatherosclerosis and
antidiabetic (Anggraini et al., 2011; Kassim et al., 2011; Melia
et al., 2015; Pambayun et al., 2007; Yunarto and Aini, 2015).
Several studies have shown that the ability to inhibit free radi-
cals from gambir extract is 82.23% (at 50 ppm concentration)
with an I1Cj5( value of 6.4 + 0.8 ppm (Kassim et al., 2011; Sazwi
et al., 2018). Research shows that the antioxidant activity of
ethyl acetate and ethanol extracts is stronger than water ex-
tract. However, the properties of ethyl acetate and ethanol that
may irritate the nasal mucosa and respiratory tract are taken
into consideration when designing intranasal delivery (Apea-
Bah et al., 2009; Centers for Desease Control and Prevention,
1978; Departement of Health, 2016).

The intranasal route is one of the potential treatment routes
which has been considered in assisting drug delivery to achieve
therapeutic benefits for the relatively difficult to penetrate blood
brain barrier (BBB) and the central nervous system (CNS)
including medication for AD (Taléns-Visconti et al., 2023;
Wu et al., 2023a). BBB is typically only permeable towards
lipophilic molecules with molecular weight of less than 600
Da and the partition coeflicient of 1.5 — 2.7. In addition, BBB
is also supplemented by a high number of drug transporters
such as polyglycoproteins (PGP) that often inhibit the entry
of drugs into CNS (van Woensel et al., 2013). It is these fac-
tors that caused BBB as a major barrier for drugs targeting the
brain. The difficulty of drug molecules in penetrating the blood
brain barrier (BBB) to enter into CNS can be overcome with
intranasal delivery, due to the ability of micro and nanosized
particles to permeate through the olfactory region (Boyuklieva
and Pilicheva, 2022; Wu et al., 2023b). The delivery mech-
anism and physicochemical properties of drug molecules are
the main factors to be considered in designing drug delivery
systems targeting the brain. Drug absorption in the olfactory
region becomes an option for drugs targeting the brain because
of its large absorbing surface area and is the nasal and brain
connecting compartment (Boyuklieva and Pilicheva, 2022; van
Woensel et al., 2013; Wu et al., 2023a). The nasal mucosa
becomes one of the targeted areas in neurotherapy because
the mechanism of drug absorption occurs in the nasal mucosa
(Kalkotwar et al., 2012; Lee and Minko, 2021; Pardeshi and
Belgamwar, 2013).

One way to increase the eflicacy of phytocompounds given
intranasally is by absorbing or encapsulating the compound
with polymers. Chitosan is a saccharide polymer that is com-
monly utilised in assisting development of intranasal prepara-
tions due to advantages including strong mucoadhesive profile,
good water solubility, biocompatibility, biodegradability, and
economic feasibility (Sachdeva et al., 2023). However, the
most important consideration in incorporating chitosan for in-
tranasal delivery is their modality to reversibly open tight junc-
tions by redistribution of proteins, including occludin, ZO-1
and actin-cytoskeletons (Casettari and [llum, 2014; Deli, 2009).
To produce chitosan nano or microparticles crosslinking agents
were employed by adding sodium tripolyphosphate (STPP) or
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calcium chloride (CaCly) (Casettari and Illum, 2014; Sachdeva
et al., 2023). STPP is an anionic cross linker that has a posi-
tive surface charge suitable for mucosal adhesion application,
while CaCly is an ionotropic cross linker that can strengthen the
chitosan/alginate matrix (Ribeiro et al., 2020). Mechanism of
chitosan in modulating tight junction to facilitate permeation
of GWE microparticles through the olfactory region can be
observed in Figure 1.

This research was conducted by creating and optimizing
microparticles of chitosan and crosslinker as carrier of gam-
bier water extract (GWE). Effect of chitosan concentration,
cross linking type and concentration as well as stirring speed
using were observed using Box-Behnken experimental design
to optimise the response produced. Optimum formula from
each crosslinking agent (IMGC and IMGS) obtained based
on microparticle characteristics were then further analysed for
particle size and morphology, intranasal characterisation, diffu-
sion rate and AChE inhibitor activity. By modifying gambier
extract into microparticles for intranasal delivery we aim to suc-
cessfully increase gambier ability to diffuse through biological
membrane while maintaining its therapeutic effect, specifically
for AChE inhibitor as an alternative therapy for AD.

2. EXPERIMENTAL SECTION

2.1 Materials

Materials used in this research including solvents were pro
analysis and pharmaceutical grade. Fresh gambier leaves were
obtained at Babat Toman Village, Musi Banyuasin, Indonesia.
Acetylcholinesterase (AChE) from Electrophus electricus, 5.5’-
dithio-bis-2-nitrobenzoic acid (DTNB), acetylcholine iodide,
1,1-diphenyl-2-picrylhydrazyl (DPPH), catechin, gallic acid,
and quercetin were all obtained from Sigma-Aldrich, Singa-
pore. Additionally, materials for IMGS and IMGC formulation
including chitosan, STPP and CaCl2 were purchased from PT

Bratachem Indonesia.

2.2 Methods

2.2.1 Gambier Water Extract Preparation

Fresh gambier leaves were boiled in distilled water for 1.5
hours followed by pressing the boiled leaves to maximise yield
of extract. The extract generated was stored in a closed con-
tainer and then precipitated for 24 hours in room temperature.
The resulting precipitate was sun dried in paraku, a wooden
molding container (measuring 10 cm X 10 cm X 8 cm) for 24
hours. The extract was then formed and dried with the help
of sunlight for three days (Anggraini et al., 2011). Extract was
then characterized to determine for quality

2.2.2 Determination of Catechin Content

Preparation of standard catechin solution was conducted by
dissolving catechin in ethyl acetate. The resulting solution was
then measured by UV-Visible spectrophotometer (Shimadzu®
UV-1700) at wavelength of 279 nm. Levels of catechins in the
extract can be calculated using linear regression, with extract
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Figure 1. Mechanism of Gambier Extract Delivery into the Brain through the Olfactory Region Assisted by Polymer (Chitosan) as

Tight Junction Modulator

concentration (in ppm) as x axis and absorbance value as y
ordinate

2.2.3 Determination of Total Phenolic Content

GWE was dissolved with methanol:water (1:1) and then added
with 8.95 mL distilled water and 0.25 mL Folin-Ciocalteau
reagent. The resulting mixture was then vortexed (Corning®
LSE) and incubated in room temperature for 8 minutes. An
additional 0.75 mL NagCOg 20% was added, vortexed and in-
cubated for an additional 30 minutes at 37 °C. The absorbance
was measured by UV-Vis spectrophotometer at 766 nm char-
acterized by the formation of a blue complex. Determination

© 2024 The Authors.

of phenol content is calculated by Equation 1, with Cekv as
equivalent gallic acid content, G as mass of sample, V as volume
and fp as dilution of sample.

% Total Phenolic (¢) =

Cr vty 1)
G

2.2.4 Determination of Total Flavonoid Content

Extract of 5 mg was dissolved into a flask with methanol p.a.

One point five mL of GWE was pipetted into a different flask

and added 0.1 mL of AIClg 10%, 0.1 mL of 1 M sodium acetate

and diluted with distilled water. Vortex the solution until ho-
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mogeneous and incubate for 30 minutes at room temperature.
Measure the absorbance of the extract using a UV-Vis spec-
trophotometer at maximum wavelength (Fattahi et al., 2014).
Determination of flavonoid levels was calculated by Equation
2.

Cekv

G

% Total Flavonoid (¢) = XV X [fp (2)

2.2.5 Antioxidant Activity Test of Samples Using DPPH
DPPH 0.8 mM solution was prepared by dissolving DPPH in
methanol p.a., then shaken until homogeneous. A total of 1 mL
of 0.3 mM DPPH solution was added in 2.5 mL of methanol
p-a., vortexed homogeneously in a test tube and allowed to
stand for 30 minutes in the dark room. The solution was deter-
mined using UV-Vis spectrophotometer at 517 nm. As control
quercetin and donepezil were observed compared with GWE,
IMGS and IMGC samples. The antioxidant activity test of
controls were made in concentrations of 2; 4; 6; 8; and 10
g/mL, while GWE, IMGS and IMGC were in a concentra-
tion variation of 20; 40; 60; 80; and 100 g/mL. One mL of
DPPH solution 0.3 mM was taken and added with 2.5 mL
of the sample from each concentration, vortexed and allowed
for 80 minutes in the dark room. The observed color changes
and absorption were measured using a UV-Vis spectropho-
tometer with maximum DPPH wavelength measured at 517
nm (Fithri et al., 2019). Antioxidant activity of the samples
was then determined by the amount of DPPH radical uptake
resistance by calculating the percentage of DPPH inhibition
activity (Equation 3).

_ Control abs — Sampel abs

%l = x 100% 3)

Control abs

2.2.6 Acetylcholinesterase Enzyme (AChE) Inhibition As-
say

GWE activity test on AChE was conducted using the colorimet-
ric method of Ellman utilizing acetylcholine iodide (ATCI) as
the substrate (Ranjan and Kumari, 2016; Unver et al., 2016;).
The production level of thiocoline was determined by the con-
tinuous reaction of thiols with 5.5-dithiobis-2-nitrobenzoic
acid (DTNB) ions to produce a yellow anion of 5-thio-2-nitro-
benzoic acid. Briefly in 96-well plates, 25 uL. of 15 mM ATCI,
7513 mM DTNB and 50 pL of 50 mM Tris-HCI buffer pH
7.5, containing 0.1% bovine serum albumin (BSA), and 25 1
of the samples were added and the absorbance was measured
at 405 nm with ELISA reader (Tecan®) after incubation at
room temperature for 5 minutes. Donepezil 10% was used as
positive control, 10% methanol p.a. in buffer as negative con-
trol (enzyme activity without extract), and 50 uL of tris HCI
50 mM pH 7.5 plus 0.1% BSA.The reaction kinetics can be
seen within 8 5 minutes. Percentage of enzyme inhibition (%
I) of the enzymatic reaction occurring can be calculated using
Equation 3.
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2.2.7 IMGS and IMGC Intranasal Microparticles Formula-
tion
The optimum formula of microparticle preparation of gambir
extract-chitosan was obtained through the experimental design
of Box-Behnken. Based on a preliminary test, two crosslink-
ers were selected STPP and CaCly. Chitosan polymer and
crosslinkers were formulated with GWE concentration of 100
ppm and tween 80 as stabilizers with a concentration of 0.5%.

Variations of the formula used to obtain optimum formula can
be seen in Tables 1 and 2.

Table 1. Factor and Level Observed in Formulation of GWE

Microparticle

Factor Lower Level Upper Level
Chitosan concentration (%) 0.1 1
Crosshnkln.g agfnt 01 05
concentration (%)
Stirring speed (rpm) 400 1500
Crosslinking agent type STPP CaClgy

Preparation of microparticles were carried out using ionotro-
pic gelation (Gulati et al., 2018). Chitosan was dissolved in 1%
acetic acid and prepared according to the formula shown in
Table 2. The solution was then added with GWE and stirred us-
ing a magnetic stirrer at room temperature. Addition of tween
80 to the solution was done while stirring constantly until a
stable solution is obtained. The STPP and CaCly solution was
prepared according to the formula and added to the chitosan-
extract complex dropwise using a syringe while stirring using a
magnetic stirrer at a conditioned speed described in Table 2.
Stirring was continued for 80 minutes then the microparticles
suspension was centrifuged for 80 minutes at a speed of 6000

rpm (Hettich® Universal 820R).

2.2.8 IMGS and IMGC Evaluation

2.2.8.1 Organoleptic

The intranasal preparations of the resulting microparticles ob-
served for sediment and redispersion ability. Assessment of
organoleptic preparation was done by determining its value
from 1 - 5 with the following provisions: (1) clump and cohe-
sive deposits such as caking; (2) small clumps of precipitate or
agglomerate; (3) settling and difficult to disperse; (4) precipitate
but easily dispersed; and (5) not settling.

2.2.8.2 Entrapment Efficiency

Determination of entrapment efficiency was performed using
centrifugation and spectrophotometric technique (Gulati et al.,
2018). Prior to entrapment efficiency determination, standard
curve was determined using catechin as compound of interest.
From each formula 10 mL was centrifuged at 6000 rpm for
30 minutes at 20 °C. The resulting supernatant determined at
maximum wavelength for absorbance, which then will be cal-
culated for for entrapment efliciency using Equation 4 (Salatin
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Table 2. Intranasal Gambier Extract Microparticle Formulation Based on Box-Behnken Design with 8 Variables

Formula  Chitosan Concentration (%)  Crosslinker Concentration (%)  Crosslinker Type  Stirring Speed (rpm)

1 0.55 0.1 STPP 400
2 0.1 0.5 CaCly 950
3 0.55 0.5 STPP 400
4 0.55 0.3 CaClg 950
5 0.1 0.1 STPP 950
6 0.55 0.1 CaCly 400
7 0.55 0.5 CaCly 400
8 0.55 0.5 CaCly 1500
9 0.55 0.3 STPP 950
10 0.55 0.1 STPP 1500
11 1 0.5 CaCly 950
12 0.55 0.3 STPP 950
18 0.55 0.3 CaCly 950
14 1 0.3 CaClg 1500
15 0.1 0.1 CaClg 950
16 0.1 0.3 STPP 400
17 0.55 0.3 CaCly 950
18 0.1 0.3 CaCly 400
19 0.1 0.5 STPP 950
20 0.1 0.3 STPP 1500
21 1 0.1 CaClg 950
22 0.1 0.3 CaCly 1500
23 0.55 0.3 STPP 950
24 1 0.5 STPP 950
25 0.55 0.1 CaClg 1500
26 1 0.3 STPP 1500
27 0.1 0.1 STPP 950
28 0.55 0.5 STPP 1500
29 0.55 0.3 STPP 950
30 1 0.3 CaClg 400
31 0.55 0.3 CaClg 950
32 1 0.3 STPP 400
33 0.55 0.3 CaCly 950
34 0.55 0.3 STPP 950
etal., 2017). 2.2.8.4 Sedimentation Time and Volume Test

Two mL from each preparation was inserted into the test tube
added drug content — drug content in supernatant and set aside at room temperature. The time for the parti-

SEE = x100% (4)  cle dispersion to settle perfectly was recorded. The resulting
added drug content

precipitate was measured in volume and calculated for sedi-
mentation volume.

2.2.8.3 Thermodynamic Stability Test
The stability was tested through heating cooling cycle method 9 9 g 5 Redispersibility Test

(Estanqueiro et al., 2014). The test was conducted by stor- T} preparation was stored inside a vial which was then ro-
ing the microparticles in the refrigerator (4 °C) and oven (40 3¢ed 180° and reversed to its original position. Assessment
°C) alternately every 24 hours for 7 days. After the test, the ;¢ performed on the basis of the number of cycles required
presence or absence of discoloration and precipitate formed as ¢, completely redisperse the microparticle suspension (Gebre-

well as the amount of active substance in the preparation was .\ ,uel and Gebre-Mariam. 201 3)
DC C - C C ) C .
measured following previously described procedure in deter-
mination of entrapment efficiency. 2.2.8.6 Particle Size and Morphology Characterisation
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Determination of particle size, zeta potential, and PDI was
performed using particle size Analyser (PSA, Horiba Scien-
tific SZ-100). For morphology analysis transmission electron
microscopy (TEM, JOEL JEM 1010) was employed. The op-
timum formula preparation of 50 ulL. was diluted with distilled
water up to 100 times. A drop of 50 uL dilution was then
dropped onto the TEM-grid. The sample was analyzed under
focusing digital microscopy with a voltage of 80 kV.

2.2.8.7 FTIR Analysis of GWE, IMGS, and IMGC

The interaction between gambier, chitosan, and other materi-
als can be determined using fourier transform infrared spec-
trophotometer (FTIR, Shimadzu®). Analysis was performed
on GWE, IMGS, IMGC as well microparticles without extract
which have been freeze dried (Martin Christ®). The sample
preparation was performed by crushing 1 mg of freeze drying
nanoparticles with 50 mg of potassium bromide (KBr) and
mechanically pressed for the resulting strips. Samples were
scanned at wavelength 4000 — 400 cm™!.

2.2.8.8 Pump Delivery

Optimum formulas were sprayed into pre-weighed watch glass
and was reweighed to observe the mass released. This process
was repeated ten times, and the average weight of the spray
produced per spray (individual weights) was calculated. The
difference between the weights generated in each experiment
should not exceed 6% and should not exceed 10% of the average
weight of ten trials (Pawar and Chaudhary, 2015).

2.2.8.9 Spray Weight Uniformity

Priorly weighed intranasal solution were inserted into a specific
atomizer for intranasal delivery. Container was shaken for 5
seconds and spray was discarded once to clean the impurities.
Then wait for 5 seconds, shaken again for 5 seconds and discard
again, repeat this procedure 3 times. The weight at each spray
in the solution is collectively determined by evaluating the
uniformity of weight in a particular spray. Weighing were done
at 6th, 7th, 8th, 82th, 164th, 165th, and 166th spray (Pawar
and Chaudhary, 2015).

2.2.8.10 Spray and Geometric Pattern

Pray pattern was tested by spraying the dosage on a plastic sheet
of a certain size with a distance of 5 cm. Spray pattern testing
was performed three times with observation made on spray
pattern formed and its diameter. The spray pattern formed

was measured for diameter of the spray produced (Guo and
Doub, 2006).

2.2.8.11 Catechin Content Identification

The identification of catechin content of the preparation was
done by thin layer chromatography (TLC) method. Stationary
phase was silica TLC plate of GF954 which was inserted into a
chamber containing eluent ethyl acetate and methanol mixture
with a ratio of 1:1. The Rf value was calculated and compared
to the standard catechin Rf value.

© 2024 The Authors.
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2.2.8.12 Ex Vivo Drug Release Assay

Ex vivo drug release was observed using Franz diffusion cell
with goat nasal mucous membrane, and phosphate buffer solu-
tion pH 6.4 as medium to simulate nasal fluid. The goat nasal
membrane was washed with phosphate buffer solution of pH
6.4. Thereafter the membrane was attached to the acceptor
and donor connector portion with the membrane dermal por-
tion of the phosphate buffer solution pH 6.4 to the acceptor
portion. Tests were performed for three replicates and the test
temperature was maintained at 87 +0.5 °C with a stirring speed
of 100 rpm. Two mL of the optimum formula and GWE sam-
ples were placed on the goat nose mucous membrane with a
diameter of 18.56 = 0.44 mm and a thickness of 0.23 £ 0.01
mm (on the donor portion). Sampling was done by taking 2
mL of sample solution on the acceptor part (receptor com-
partment) at minute 0; 5; 10; 15; 30; 45; 60; 90; 120; 180;
240; 300; 360; and the 24th hour. The solution was replaced
with a phosphate buffer solution of pH 6.4 of 2 mL after each
sampling to maintain sink condition. The resulting sample
was analyzed using a UV-Vis spectrophotometer at catechin
predetermined wavelength determined the amount of drug
undergoing permeation at any given time interval (Fithri et al.,
2017; Fitrya et al., 2021).

3. RESULTS AND DISCUSSION

Based on the results from extract characterisation of GWE, the
extract obtained was in accordance with the criteria specified in
Indonesian Standard for Extract and Indonesian Herbal Phar-
macopoeia (Department Kesehatan Republik Indonesia., 1995;
Departemen Keschatan Republik Indonesia, 2000). Total cate-
chin, flavonoid and phenolic obtained from GWE were 68.15
mg/g extract, 263.30 mgQE/g extract and 312.80 mgGAE/g
extract respectively. These results showed GWE contained
high number of polyphenols which are needed to exhibit strong
antioxidant activity. This result was comparatively higher com-
pared to previous research (Anggraini et al., 2011). The for-
mulation into microparticles IMGS and IMGC) were able
to maintain and preserve gambier polyphenols content shown
in Figure 2a. The values obtained were smaller which could
be explained by the interference of polymer and crosslinker
during the assay. Aside from that the encapsulation process
prevent free GWE to interact with the reagents for the assays.
Additionally, we also confirmed the presence of catechin based
on the TLC result (Figure 2b), which clearly showed catechin
after formulation into IMGS and IMGC.

To obtain antioxidant activity, DPPH inhibition assay was
conducted to calculate the IC5¢ of GWE, IMGS, IMGC and
controls, donepezil HCI and quercetin. DPPH compounds are
stable free radical compounds and have the ability to receive
hydrogen atoms donated by antioxidants. The existence of
this reaction can be observed from the colour change of vio-
let to yellow to clear (Molyneux, 2004). Antioxidant activity
was assessed from the ability of sample to inhibit DPPH by
calculating absorbance value (Baliyan et al., 2022). 1Cj5q of
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(a)

Gambier Ieaves

Dried gambier water extract (GWE)

(b)

(©)

Gambier water

extract (GWE) microparticle
(IMGS and IMGC)
Percent 88.01 82.11 (IMGS)
inhibition at 84.99 (IMGC)
100 ppm
IC5, (ppm) 54.41 56.74 (IMGS)

55.86 (IMGC)

MGS 114.04
MGC 115.24,

Intranasal gambier
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Intranasal gambier microparticle
(IMGS and IMGC)

Quercetin (flavonoid standard)

Donepezil HCI (drug for
Alzheimer’s Disease)

4.52 2.24

Figure 2. Results Obtained from Various Assays, Including Catechin, Flavonoid and Phenolic Content in Free Non-Formulated
GWE and Formulated IMGS/IMGC (a). TLC Observation of Catechin Presence Under UV and Visible Light in GWE (E,
catechin standard (K), IMGS (S), and IMGC (C) (b). Antioxidant Activity of GWE, IMGS and IMGC Compared to Positive

Control Donepezil HCI and Quercetin (c).

GWE, IMGS and IMGC that were obtained are 54.41, 56.74
and 55.86 ppm respectively, which is considered a strong an-
tioxidant (Molyneux, 2004). Although when compared to the
controls (Figure 2¢), both donepezil HCI and quercetin ex-
hibited stronger antioxidant effect, due to the purity of GWE
being less than pure compounds such as quercetin and active
pharmaceutical ingredient. It also worth noting the antioxidant
activity of GWE and its subsequent intranasal formulations
were stronger than many Indonesian herbal extracts including
from Curcuma xanthorriza and Phyllantus niruri (Sukweenadhi
et al., 2020).

© 2024 The Authors.

After determining the strong antioxidant effect of GWE,
formulation of intranasal microparticle containing GWE was
optimized based on Box-Behnken design. Variables observed
in this research were considered to have significant effect to-
wards the characteristics of the resulting microparticle for-
mulation, namely concentration of chitosan and crosslinker,
crosslinker type and stirring speed. To obtain optimum for-
mula, analysis was conducted based on the tests results from
the 84 formulas of Box Behnken design shown in Table 3.

Organoleptic observation of intranasal preparations on the
first day relates to the size of the particles produced during the
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Table 3. Results of 34 Box-Behnken Formula of Gambier Intranasal Microparticle

Formula  Organoleptic  Organoleptic  Encapsulation pH Stability Content Sedimentation Redispersibility ~ Sedimentation
Day 1 Day 45 Efficiency (%) (ppm) Time (s) Volume
1 4 3 92.99+0.02 6.85 64.62 +0.75 32+ 1.00 3.83+0.58 0.39
2 5 3 91.22+0.02 4.43 75.77 +0.05 120.67 + 1.53 2.67 +0.58 0.08
3 4 3 90.74 + 0.04 7.3 74.84 +0.68 86.67 + 3.06 2.33+0.58 0.24
4 4 4 93.72+0.05 5.86 69.87 £ 0.26 101.67 + 2.52 1+0 0.11
5 4 3 79.31+0.06 6.63 64.35 +0.27 37.67 £ 1.53 1.33 +£0.58 0.18
6 4 2 89.78 £0.05  5.97 59.56 £ 0.05 52.33 £ 1.53 2+0 0.17
7 4 4 97.44 £ 0.05 6 82.84 +0.19 44.33 +2.08 1.83£0.58 0.06
8 5 3 93.21+0.06 5.66 55.26 + 0.02 58 +1.00 2.33+0.58 0.08
9 2 2 92.85+0.08 7.33 51.81+0.24 51.67 £ 1.53 7.83+0.58 0.19
10 4 4 95.03+0.04 6.12 55.85 +1.32 103.33 + 3.51 1.67 £ 0.58 0.20
11 4 3 92.24 +0.05  6.01 64.21 + 0.38 56.33 £ 1.16 2.33+0.58 0.08
12 2 2 91.82+0.05 7.37 50.24 + 1.01 57.67 £ 1.53 7.67 £0.58 0.18
13 4 3 93.33+0.11 5.64 68.37 £ 1.01 64.67 £ 2.08 1+0 0.08
14 4 3 91.79+0.84 6.06 77.79 +0.53 89.67 £ 2.08 2.67 +0.58 0.12
15 5 3 89.33+0.12 4.77 53.61 +0.09 56.33 + 1.53 1+0 0.03
16 4 4 91.84 +0.06  6.69 53.12+0.75 336.67 + 13.32 1+£0 0.17
17 4 3 94.42+0.56  5.62 66.94 + 0.45 56.33 £ 0.58 1+0 0.14
18 5 3 90.68 +0.18  4.61 60.90 + 0.29 61.33 +2.08 2+0 0.08
19 4 4 80.22+0.02 7.32 51.01£0.15 91.67 £ 2.08 2+0 0.37
20 4 4 84.35 +0.09 6.5 56.04 £ 0.04 387 £9.85 1.67 £0.58 0.17
21 4 4 96.28 + 0.25 5.9 79.98 + 0.09 490.67 + 11.93 1.33 £0.56 0.17
22 4 3 81.77+0.04  4.58 65.90 £ 0.03 37.67+1.16 1+0 0.02
23 2 2 94.04 + 0.22 7.3 63.74 +0.16 133 £ 3.61 7.67 £0.5774 0.17
24 4 4 92.39+0.08 7.62 60.56 £ 0.19 123.33 + 2.52 4.33 +0.5774 0.14
25 4 3 91.71+0.07 5.58 66.59 £ 0.57 214.67 +4.04 1.67 +0.5774 0.13
26 3 3 90.05+0.08 7.49 54.46 + 0.09 308.33 +6.81 2.67 +0.5774 0.17
27 4 4 93.95+0.05 5.08 62.39+0.11 758.67 +34.98 1+0 0.17
28 4 3 88.04 +£0.09 7.45 51.27pm0.12 59+ 2 1.33 +0.5774 0.11
29 2 2 79.59+0.14 7.24 63.54 £0.19 60.33 + 2.08 7+1 0.15
30 4 2 89.97+0.07 5.89 70.83 £ 0.21 618 + 10 1+0 0.08
31 4 2 95.64+0.06 5.53 68.42 +0.70 350.67 +7.51 1+0 0.06
32 4 2 92.09+0.05 7.36 83.73 + 0.21 84.333 + 1.53 2.83+0.5774 0.08
33 4 3 98.67+0.10  5.52 74.92 +0.19 226.33 + 11.01 1.883+0.5774 0.05
34 1 1 93.40+0.16 7.24 72.79+0 146.33 + 2.08 11.67 £ 0.56 0.14

manufacturing process. Chitosan concentrations affects the
size of microparticles leading to the possibility of aggregation
which can trigger the process of sedimentation and instability
to the formulation (Rajaram and Natham, 2013). Particle size
particularly also impacted redispersibility, as sedimentation
tends to increase molecular interaction hindering ease of re-
dispersion (Mardiyanto et al., 2019). Redispersibility depends
on the particle size in the dispersed phase and the resulting
sedimentation form (flocculant, nonflocculant, or coagulant).
Particles that produce flocculant form will be more easily dis-
persed than non-flocculant forms. The type of crosslinker
affected the formulation based on the result of interaction or
bond obtained through cross linking process. Less crosslinking
formed between particles generated larger particles causing
segregation of particles so that larger particles settled and over
time will form sedimentation (Ribeiro et al., 2020).
According to Gulati et al. the percentage of entrapment
efliciency (EE) obtained depends on the type of polymer used
and the solubility of the drug in the polymer (Gulati et al.,
2018). Chitosan is a hydrophilic polymer which in salt form is
produced from reaction with organic acids such as acetic acid.
GWE is a water-based extract facilitating ease of absorption

© 2024 The Authors.

into the chitosan matrix. It is noted that increasing concentra-
tion of chitosan will increase the EE percent as the viscosity
increase causing reducing particle porosity which indirectly
yields a more resistant chitosan-extract matrix (Casettari and
[Mlum, 2014; Wu et al., 2023b). An increase in polymer concen-
tration will increase drug uptake. However, too high a polymer
concentration can also cause difficulty for GWE to diffuse into
the polymer and it can be concluded that chitosan as a polymer
has the optimum concentration to absorb the active substance
(Caetano et al., 2016; Casettari and Illum, 2014). High stirring
speed will result in smaller droplet or particle size caused by
the breakdown of chitosan length chains and matrix. Longer
chitosan chains have more reactive sides to absorb and bind
to extracts so that their EE percent will increase (Rajaram and
Natham, 2013).

Another important factor in determining the quality and
safety of intranasal preparations is pH. Desirable pH for in-
tranasal preparation is between 4.5 to 6.5, adjusting to nasal
mucosal membrane conditions. Acquiring formulation within
the desired pH will minimise the occurrence of mucous mem-
brane irritation and to maintain activity of lysozymes respon-
sible for destruction of unwanted bacteria in the nasal cavity
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(Al Harthi et al., 2019; Ramvikas et al., 2017). In addition, the
pH condition of the nasal mucous membrane and the prepara-
tion will affect the percentage of unionized drugs that can be
absorbed by the nasal mucous membranes (Kushwaha et al.,
2011). Chitosan and crosslinker concentration have significant
effect towards final product pH as each of the materials used
has a different pH, specifically chitosan which has a more acidic
pH due to being dissolved in dilute acetic acid.

Thermodynamic stability tests were performed using stress
testing to determine the resistance of the preparations when
stored in various temperature. Drugs can undergo various
chemical reactions triggered by a change in temperature, which
in this formulation can affect the rate of degradation of GWE.
Increasing the temperature can increase the reaction rate be-
cause of more rapid movement of particles leading to an in-
crease in collision between particles in accordance with Ar-
rhenius theory (Sinko, 2023). The value of this stability is
influenced by the particle’s ability to prevent flocculation or
particle aggregation. A partial micro dispersion system will be
stable if it has a strong repulsion energy to prevent flocculation
or aggregation. The degree of particles aggregation is influ-
enced by components in a formulation and its physicochemical
properties (Akhter and Alam, 2023).

Sedimentation time showed the rate of a dispersion sys-
tem to form sedimentation, the longer the more stable with
relatively uniform size based on the absence of aggregation in
dispersion system. While sedimentation volume referred to
the volume of sediment produced after a dispersion system
is allowed to stand for 48 hours. Noting from our observa-
tions, when concentration of chitosan increased, the rate of
sedimentation decreased, potentially by the increase in viscos-
ity. As the viscosity increases, the particles will diffuse through
the dispersion system, so the time required for the particles
to settle is longer (Jonassen et al., 2012). Medium that has a
higher viscosity (in this case a high concentration of chitosan
solution) produced longer sedimentation rate. Another factor
that affected sedimentation time is the particle size of the dis-
persed phase, which is impacted by stirring speed. The larger
particles have a faster sedimentation time because of the greater
molecular weight, making it easier to sediment with the force of
gravity (Sinko, 2023). Generally, the longer the sedimentation
rate will result in a more stable formulation.

With the consideration taken from the tests conducted on
the 84 formulas, we analysed the results using Design Expert®
11 (Stat-Ease Inc) and chose two optimum conditions with
different crosslinkers. With STPP the optimum condition
was 0.1% chitosan, 0.1% STPP and 1200 rpm stirring speed
(IMGS), while for CaCls, optimum condition was 0.16% chi-
tosan, 0.5% CaCly and 580 rpm stirring speed (IMGC). These
two formulas were then further analysed for particle size, mor-
phology, diffusion profile, FTIR interaction, intranasal charac-
teristics and most importantly AChE inhibitor effect.

Particle size plays an important role in the physicochemical
and biological characteristics of particles (Rajaram and Natham,
2018). Measurements of particle size and polydispersity in-
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dex were performed using PSA where the formulations are
diluted with attenuator value ~ 7. This light scattering will
be detected and particle size and polydispersity index (PDI)
results can be obtained. Result of PSA analysis including z-
average value and PDI can be seen in Figure 3a. IMGS formula
has a larger particle size possibly due to the lower crosslinker
concentration, resulting in a more rigid matrix compared to
IMGC. Both PDI values of IMGS and IMGC were greater
than 0.5, which can be considered less uniform or polydisperse.
In the process of manufacture of the microparticles, there were
no sonication or high-speed homogenization involved. For
future developments, it is recommended that sonication or ho-
mogenization is employed to create smaller and more uniform
particles (Mardiyanto et al., 2019).

One of the indices of microparticle stability is determined
by its potential zeta value. The theory states that if a parti-
cle micro has a larger potential zeta value, then the surface
charge of the particle becomes larger, allowing for less inter-
action of the similarly charged dispersed particle (repulsion
effect). Based on studies that have been reported, zeta potential
can predict the stability of colloidal micro particles based on
barrier energy between particles. As the potential zeta value
approaches + 30 mV, aggregation is increasingly preventable
and micro-particle stability increases (Caetano et al., 2016).
Z.eta potential obtained of IMGC was £9.5 mV, indicating that
the particles produced has lower charge than normally stable
particles. The result obtained is positively charged because of
the amount of NHjg ions from chitosan on the surface of the
particle.

Particle morphology was analysed using TEM to determine
the shape of the resulting particles. The optimum formula
IMGC was chosen to be observed based on the PSA analysis.
Based on the results obtained on two different magnifications,
500x (left) and 250x (right), the particles obtained were ~
250 nm in diameter (Figure 3b). TEM image showed smaller
particles compared to the z-average due to the polydispersity
of the formula obtained. It is recommended to use smaller
magnification to obtain higher population of particles or to
use more concentrated solution for TEM analysis. The im-
age showed that the resulting particles were spherical with the
carrier polymer (chitosan) encasing GWE.

To determine microparticle matrix interaction with gam-
bier extract was performed using FTIR spectrophotometer.
The tests were performed on GWE, blank IMGS and IMGC
(microparticles blank without extract), IMGS and IMGC mi-
croparticles at wavelength 4000 - 400 cm™! (Figure 3d). This
test aimed to determine the presence of specific functional
group and whether there is any new interaction formed after
formulation of GWE into intranasal preparation. Based on the
spectra obtained, there is a new peak of the four spectra ana-
lyzed when compared with the spectra of GWE. This showed
the spectra of chitosan polymer at the wavelength of 2930 —
2920 em™!. Another difference found in the five spectra was
the intensity marked by changes in the transmittable value gen-
erated, except between the micro particles CaClg with extracts
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Figure 3. PSA Analysis of IMGS and IMGC Obtaining Particles in Microsized Range with Positive Charge (a). TEM Analysis of
the Smaller Sized Formula IMGC, Confirming the Shape of the Microparticle Obtained (b). Spray Pattern and Angle from the
Intranasal Atomizer Nozzle (c). FTIR Spectra of GWE and the Formulation with and without the Extract (d). Diffusion

Percentage Observed for 1440 Minutes (24 hours), Comparing the Diffusion Profile through Nasal Membrane of GWE, IMGS

and IMGC (e).

and blanks that have almost identical spectra. The lower the
pH produced after the crosslinker process the lower the % T
(Bhumkar and Pokharkar, 2006). The main difference between
the extract and the resulting preparations was the appearance
of peak at 2922 - 2927 nm. This functional group represents
a new functional group appearing in the preparation showing
the presence of asymmetric C—H methylene (—CHyg). This
indicated that IMGS and IMGC have methylene group not
present in the extract formed due to the presence of chitosan

© 2024 The Authors.

polymers not present in the extract alone. Chitosan polymer
has a methylene group in its structure so it is detected on the
IR spectra (Coates, 2000).

Pump delivery test aims to determine the reproducibility
of each spray produced in the performance assessment of the
drug product and to evaluate the measurement capabilities of
the used spray device (Kalkotwar et al., 2012). The ability of
the pump delivery will affect the dose delivered at each spray so
as to affect the effectiveness of the resulting preparation so that
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Figure 4. Mechanism of GWE, IMGS or IMGC Impacting Acetylcholine Concentration in the Brain, which is by Inhibiting
AChE to Prevent Conversion of Acetylcholine to Choline (a). Mechanism of AChE Inhibition Analysis Following Ellman’s
Method Using Actylcholine Iodide (ATCI) and 5,5’-Dithio-bis-2-Nitrobenzoic Acid (DTNB) (b). AChE Inhibition Activity of
GWE, IMGS and IMGC at 100 ppm (c). Analysis of Ligand Interaction between Catechin (I), Donepezil (II) and Quercetin

(ITI) with AChE Receptor (d)

the ability of the spray pump should be ensured to maintain the
quality of the preparation. Based on the results of IMGS, there
are four sprays that do not meet the pump delivery require-
ments of spraying to 2, 3, 7, and 8. IMGS formula has larger
particles that has the tendency to form aggregates, clumping
and blocking the actuating pump from exerting the accurate
dosage leading to non-uniform pump sprays. However, IMGC
demonstrated better pump delivery due to smaller sized mi-
croparticles maintaining better homogeneity compared with
IMGS so that the spraying results were more uniform.

© 2024 The Authors.

Spray weight uniformity testing was performed to deter-
mine the uniformity of the weight of the dosage delivered by
the atomiser nozzle in each actuation. The weight of each
actuation delivered should be uniform to maintain the unifor-
mity of the dose delivered by each delivery. The uniformity of
weights obtained can determine the performance of the nose
piece, formulation, method of manufacture, and efliciency of
the pump used. The weights analyzed were the weights in
administering a single dose in one actuation (Kalkotwar et al.,
2012). Table 4 shows the results of the optimum formula spray
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Table 4. IMGS and IMGC Spray Pattern and Viscosity Analysis Results

Sampl Spray Pattern Viscosity

MNP Diameter + SD (cm) Note %CV of Spray Weight  Flow (s)  Viscosity (cPs)
IMGS 4.39+0.32 Spray pattern spread evenly and round > 5% 2.43 1.93
IMGC 4.56 £0.16 Spray pattern spread evenly and round 5% 4.86 3.85

weight uniformity test with crosslinker STPP. The tests were
performed on several actuation points at the beginning (spray
no. 6, 7, and 8), middle (n0.82), and end (no. 164, 165, and
166). This is intended to ensure the uniformity of weight gen-
erated from the beginning of spraying to spraying at the end
of the remaining volume of the preparation. Based on the re-
sults of testing on the optimum formula IMGC, all the weights
on each actuation have met the requirements and the coeffi-
cient of variation generated < 5% so it can be summarized that
spray pattern and weight generated were uniform. However,
IMGS coefficient variation was > 5%, indicating that IMGC pro-
duced better spray pattern and homogeneity result compared
to IMGS to the difference in the resulting dispersion system.
IMGS formula produced particle deposits which precipitate
and possibly interfere with the projectile of microparticle the
atomiser pump.

Geometry and spray pattern is done to know the spread
and homogeneity of spray spraying distribution area. This
parameter can also determine the performance of nozzle and
pump (Kalkotwar et al., 2012). Spray pattern testing is done by
spraying the dosage on a plastic sheet covered with millimeter
block paper to measure the diameter directly. Spraying was
done at a distance of 5 cm which is the optimum spraying dis-
tance from the nasal cavity to the olfactory mucosa (Guo and
Doub, 2006). Observations were made on the diameter and
the resulting spraying form. Based on the diameter of the spray
produced from IMGS and IMGC, we observed no significant
difference between the two formulas. The resulting pattern
of dispersion spreads evenly and is almost rounded or circu-
lar. The density produced at each spraying is almost uniform.
IMGS spray geometry was slightly wider (40.47°) compared to
IMGC (21.78°) which was characterised by greater spray angle
(Figure 3c). This result could be due to the viscosity of both
formulas, where IMGC has slightly bigger viscosity than IMGS.
IMGC has higher chitosan concentration (0.161%) than the
IMGS formula (0.1%) causing higher viscosity value (Table 4).

Diffusion profile of GWS, IMGS and IMGC were con-
ducted using Franz diffusion cell performed at 37 + 0.5 °C,
100 rpm stirring speed and freshly obtained goat nasal cavity
was used, aimed to mimic physiological mucosal membrane
condition. Diffusion percentage comparison between GWE,
IMGS, and IMGC demonstrated improved diffusion from the
microparticles formulation compared to pure extract. Perme-
ation of the extract through mucosal membrane occurs due to
the opening of the tight junction of the cell membrane facili-
tated by the ability of chitosan modulating tight junction pro-
teins (Casettari and Illum, 2014; Deli, 2009). After 24 hours
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of observation, both IMGS and IMGC showed significantly
higher diffusion percentage of 74.92 and 71.19% compared to
unmodified GWE with 51.84% (Figure 3e).

To confirm the ability of GWE and the intranasal formu-
lation in inhibiting AChE, inhibition assay following Ellman’s
method was conducted on GWE, IMGS and IMGC. Ellman’s
method is based on a colorimetric reaction between ATCI
(a choline substrate) and DTNB, the colour reagent. If lit-
tle to none presence of AChE exist in the mixture, reaction
between ATCI and DTNB resulted into a yellow product thio-
2-nitrobenzoate product (Figure 4b) (Pohanka et al., 2011).
In this research we used AChE from Electrophus electricus as the
enzyme. As can be observed in Figure 4c¢, all samples including
free extract and microparticles produced AChE inhibition at
100 ppm of concentration. Lower AChE inhibition in IMGS
and IMGC could be explained by the encapsulation of GWE
with chitosan polymer and the sustained diffusion profile of
both microparticles. Additionally, in silico observation was
compared between catechin (Figure 4d (I)), donepezil (Fig-
ure 4d (I1)), and quercetin (Figure 4d (IIT)) using Molecular
Operating Environment (MOE). Catechin and quercetin were
chosen as to represent the major active phytocompounds in
GWE and the formulation, while donepezil is the current drug
of choice for AD. As can be seen from the picture, pharma-
cophore from the three compounds interacted with AChE re-
ceptor on Leucine 886 and Histidine 887. Histidine 387 struc-
tures tend to have more N atomic components than Leucine
which lead them to bind more easily under alkaline conditions.
The carbon aliphatic chain from the structure of the amino
acid leucine 386 will also tend to encourage this amino acid
to have a higher degree of hydrophobicity when compared to
histidine which has an aromatic carbon chain with 2 N atoms
in the constituent ring. From Figure 4a, it is illustrated how
intranasal microparticles containing GWE could lead to the in-
crease of acetylcholine in the brain environment by preventing
acetylcholine degradation by AChE.

4. CONCLUSIONS

To conclude, we have demonstrated the ability of encapsulating
gambier water extract into a microsized polymeric carrier to
improve diffusion and permeability through the mucosal mem-
branes. Formulated intranasal microparticles showed good sta-
bility and desirable intranasal characteristics with reproducible
spray content. Furthermore, the modified gambier intranasal
formula were able to maintain antioxidant and AChE inhibition
activity. Although, it is worth noting that decreased antioxidant
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and AChE inhibitor activity was observed after modification
into microparticles, hence it is recommended for future studies
to develop a more robust delivery system that could preserve
the strength of gambier extract activity. Overall, this research
was able to produce stable microparticles and have shown gam-
bier AChE inhibitor activity for potential alternative therapy
in combating Alzheimer’s Disease.
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