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	 Alzheimer’s disease (AD) is a chronic neurodegenerative condition characterized 
by progressive memory loss and cognitive dysfunction. Although donepezil (DPZ), an 
acetylcholinesterase inhibitor, is frequently prescribed to manage AD symptoms, its effectiveness 
is hindered by limited brain penetration due to the blood-brain barrier (BBB) and extensive 
first-pass metabolism. This research focused on formulating a nanoemulsion (DPZ-NE) for 
intranasal delivery to improve brain targeting and therapeutic outcomes. A pseudo-ternary 
phase diagram was developed to determine the optimal composition, using oleic acid as the oil 
phase, PEG 400 as a co-surfactant, and Tween 80 as a surfactant. The resulting nanoemulsion 
displayed an average droplet size of 24.9 nm, a polydispersity index (PDI) of 0.748 ± 0.04, and 
a zeta potential of -0.1 mV, indicating nanoscale size and colloidal stability. In vitro release 
studies showed a controlled release pattern of the drug over time. These findings suggest that 
intranasal administration of DPZ-NE could be a promising approach in Alzheimer's treatment, 
following Higuchi kinetics, suggesting a diffusion-controlled mechanism. In vivo neuroprotective 
activity was assessed using a scopolamine-induced dementia model in Wistar rats. Behavioral 
tests, including the Morris water maze and active avoidance response, demonstrated significant 
cognitive improvements in DPZ-NE-treated animals compared to the control. Biochemical 
assays showed reduced acetylcholinesterase activity and enhanced antioxidant enzyme levels, 
indicating neuroprotection. Histopathological analysis confirmed reduced amyloid plaque 
formation and neuronal degeneration. These findings suggest that intranasal DPZ-NE effectively 
enhances drug bioavailability, facilitates BBB penetration, making it a promising approach for 
Alzheimer’s treatment. Further studies are required to assess its clinical potential.
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	 Alzheimer’s disease (AD) is a chronic 
neurodegenerative condition characterized by 
progressive memory loss and cognitive dysfunction.1 
It is associated with loss of synapses and neurons, 
as well as the formation of abnormal protein 
aggregates.2 One of the most significant pathogenic 
feature of AD is cholinergic insufficiency, which 

is connected to the loss of cognition and memory. 
The production of free radicals is also thought to 
be an essential element in the pathogenesis of AD. 
The reversible cholinesterase inhibitors showed 
high selectivity for centrally active cholinesterase. 
Acetylcholinesterase inhibitors are available 
in the market to treat AD by various routes of 
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administration.3 Donepezil Hydrochloride, an 
inhibitor of acetylcholinesterase with a molecular 
weight of 379.492 daltons, is primarily utilized for 
the treatment of Alzheimer’s disease. Donepezil 
has been authorized by the Food and Drug 
Administration (FDA) for managing dementia 
linked to mild, moderate, and severe stages of 
Alzheimer’s disease. Currently, no proof indicates 
that donepezil alters the progression of the disease. 
Commercially, oral tablets and transdermal patches 
are available in doses of 5 and 10 mg. Oral route 
of administration results in side effects includes 
anorexia, gastrointestinal hemorrhage, muscular 
convulsion, nausea and diarrhea, due to extensive 
first-pass metabolism. Also, BBB is another 
obstacle that causes the low quantity of drug 
available in the brain. Therefore, an alternative 
route of administration is necessary to reduce 
unwanted side effects.
	 The intranasal route is the most promising 
for the safe, non-invasive transport of medication 
to the brain. This route not only reduces the 
unwanted side effects, circumvents the BBB, but 
also directs the drug to the brain, and prevents 
the drug from reaching the GIT. Nasal mucosa 
is characterized by high vascularization, large 
absorptive surface area, and rapid onset of action. 
Delivery of the drug through nasal route will 
target either olfactory or trigeminal neuronal 
pathways, showing a significant link between the 
nasal mucosa and the brain.4 This route is also 
convenient for those who are unable to swallow 
the solid dosage forms. Intra-nasal route possesses 
some disadvantages like less invitro residence time, 
limited surface area, low epithelial permeability, 
enzymatic degradation, small volume of drug for 
administration and mucociliary clearance leads to 
removal of drug from the site.5 Therefore there is a 
need to develop the dosage form which overcome 
these disadvantages. 
	 The use of nanocarriers as a promising 
tool to deliver the drugs through intra nasal route.
	 Various drug carriers like cubosomes RP 
Patil et al.,6 nanoemulsions Kaur et al.,7 hydrogels 
AI Harthi et al.,8 nanostructured lipid carriers 

Tekade et al.,9 solid lipid nanocarriers (Yasir et al.,10 
nanosuspensions MD S et al.,11 liposomes Rajput 
et al.,12 used to deliver the drug through intra nasal 
route.

	 Nanoemulsion is one of the most common 
dosage forms for delivering active substances to the 
target. Nanoemulsions are colloidal nanocarriers 
with a low droplet size is less than 250 nm and low 
viscosity. They are promising systems to deliver the 
drug from nose to brain due to their low droplet size, 
high permeability, solubilizing potential and their 
protective nature for lipophilic drugs.13 Therefore, 
the present research aims to formulate and evaluate 
donepezil-loaded nanoemulsion (DPZ-NE) 
intended for intranasal delivery. The nanoemulsion 
was optimized through pseudo-ternary phase 
diagram construction and subsequently assessed 
for its physicochemical attributes, drug release 
behaviour in vitro, and neuroprotective efficacy 
using a scopolamine-induced dementia model. The 
primary objective is to enhance the bioavailability 
and brain-targeting efficiency of DPZ, thereby 
improving its therapeutic effectiveness and 
offering a promising alternative strategy for the 
management of Alzheimer’s disease.

MATERIALS and METHODS

Materials
	 Cipla Pharmaceuticals Ltd., Ahmedabad, 
provided a free sample of donepezil hydrochloride. 
	 Oleic acid was received from Gattefosse, 
France. PEG400 and PEG200 ethylene glycol 
were received from S.D Fine chemicals ltd. 
Tween 80, and Transistor-P received from Corel 
Pharma Chem, Ahmedabad. Other surfactants, 
co-surfactants, chemicals & reagents utilised were 
made of Analytical grade.
Methods
Determining the drug saturation solubility in 
oils, surfactants, & Co-surfactants
	 Donepezil Hydrochloride solubility in 
castor oil, soya oil, oleic acid, etc., as well as 
surfactants and co-surfactants such as Tween-80, 
Tween-20, PEG-200, 400, and polypropylene 
glycol was assessed by introducing an excess 
quantity (100 mg) of the drug into 2 mL of the 
selected oil, co-surfactants, and surfactants each in 
separate 5 mL volume stoppered vials, and blending 
with a cyclo mixer for 15 minutes. These vials 
were maintained at 25°C ± 1.0°C in an isothermal 
(orbital) shaker with continuous shaking at 100 
rpm for 24 hours, then equilibrated for 24 hours. 
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The balanced samples were centrifuged for 15 
minutes at 3000 rpm. The supernatant obtained was 
diluted with chloroform/methanol and measured 
spectrophotometrically for dissolved drug at 230 
nm. The findings were shown as the average value 
(mg/mL) ± standard error of the mean.
Pseudo-ternary phase diagram construction
	 To identify the optimal region for 
nanoemulsion formation, pseudo-ternary phase 
diagrams were constructed using the aqueous phase 
titration method. Solubility studies involving oleic 
acid (as the oil phase), Tween 80 (surfactant), PEG 
400 (co-surfactant), and distilled water (aqueous 
phase) facilitated the development of multiple 
phase diagrams.9,10 Various volume ratios of 
surfactant to co-surfactant (Smix)—including 
1:1, 1:2, 2:1, 3:1, 4:1, and 5:1—were prepared 
to generate different diagrams. For each system, 
mixtures of oil and Smix were combined in varying 
ratios from 1:9 to 9:1. Aqueous phase was gradually 
titrated into various mixtures of oil and Smix using 
a micropipette, with constant stirring, until a clear 
oil-in-water (O/W) nanoemulsion was achieved. 
The nanoemulsion region was identified and 
represented on a pseudo-ternary phase diagram, 
where each axis corresponds to one component: 
aqueous phase, oil, and Smix (a fixed ratio mixture 
of surfactant and co-surfactant). These diagrams 
were constructed and visualized using Fire software 
(version 3.60).14

Preparation of drug-loaded nanoemulsion
	 Donepezil solubility in surfactants, oils, 
and co-surfactants was assessed to formulate 
the nanoemulsion. Various mixtures were 
formulated by blending chosen oils, surfactants, 
and co-surfactants, and later vortexing them. 
The prepared combinations were kept overnight 
to ensure the stability concerning miscibility 
and clarity. Ultimately, the nanoemulsion was 
produced through a pre-homogenization process 
succeeded by ultrasonication. To prepare the final 
nanoemulsion, the pre-emulsion has undergone 
high shear homogenization with a Tissue Master 
125 Homogenizer while in an ice bath, followed 
by high-energy ultrasonication using a Bench Top 
Ultrasonicator (Figure 1).14

Evaluation test:
Measurement of Transmittance
	 A UV/Vis spectrophotometer was 
employed to assess the transmittance percentage 

of the created NEs in triplicate and evaluate their 
clarity. Milli Q water served as a blank. 15

pH determination of the prepared nanoemulsion
	 This parameter was measured in triplicate 
with a calibrated pH meter. 
Measurement of viscosity
	 A Brookfield viscometer was used to 
measure the viscosity of the nanoemulsion. The 
measurement was done by the trial-and-error 
method using spindle no. 18 and a small sample 
adapter. The sample was filled in a sample adapter, 
and the rpm was optimised to obtain 80 to 100% 
torque. In this way, 50 rpm was considered 
optimum, and all measurements were done in 
triplicate. 16

Zeta potential  
	 Zeta potential instrument (Horiba 
Scientific SZ-100) was used to measure the zeta 
potential. The electric field ranged from “120 to 120 
V in the case of zeta potential. As a result, particles 
move at a zeta potential-dependent velocity. 17

Particle size & Polydispersity index
	 A Zetasizer (Horiba Scientific SZ-100) 
was employed to assess the size of the particles 
and PDI of the nanoemulsion, and this was further 
diluted using distilled water and filtered with a 0.45/ 
ìm membrane filter. Later, 1/ mL of the NE sample 
was poured into transparent polystyrene cuvettes 
for measuring PDI and globule size. Dynamic 
light scattering is the principle employed in the 
Zetasizer. 18

Scanning Electron Microscopy (SEM)
	 The surface characteristics of Donepezil 
hydrochloride, PEG 400, oleic acid, and Tween 
80 were examined utilising SEM (Vega 3 Tescan). 
The specimens were analysed using electron 
microscopy, displayed in secondary electron mode. 
19,20

In-vitro release studies
	 The in vitro drug release profile was 
evaluated using a dialysis membrane method 
(molecular weight cut-off: 12,000–14,000 Da) in 
simulated cerebrospinal fluid (CSF) at pH 7.4 and 
37/ ±/ 2/ °C. Prior to the release study, the dialysis 
membranes were pre-soaked in simulated CSF for 
24 hours. Each formulation (2/ mL, containing 
0.474/ mg of donepezil) was placed into individual 
dialysis bags, which were then submerged in 
100/ mL of simulated CSF containing 25% (w/v) 
methanol to maintain sink conditions. The system 
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was stirred at 100/ rpm throughout the experiment. 
At predetermined time intervals (0, 0.5, 1, 2, 3, 4, 8, 
10, and 24 hours), 3/ mL aliquots were withdrawn 
and immediately replaced with an equal volume 
of fresh medium to preserve sink conditions. 
Samples were appropriately diluted and analysed 
in triplicate using a UV-visible spectrophotometer 
at 230/ nm. 21,22

In vivo neuroprotective activity of Donepezil 
Nano emulsion (F1)
Animals employed
	 Healthy adult male Albino Wistar rats, 
weighing between 200 and 250 grams, were 
used for the study. The animals were housed 
in standard laboratory cages under controlled 
environmental conditions, adhering to proper 
hygienic practices. They were maintained on a 
standard pellet diet (Amrut Laboratory Animal 
Diet) with unrestricted access to clean drinking 
water. The IAEC committee sanctioned the animal 
studies aimed at overseeing and regulating animal 
experiments (CPCSEA). 
Experimental design
	 The subjected animals were divided into 
4 groups (6 rats/group). Doses were administered 

orally for 14 consecutive days. Except for the control 
group, all animals received an intraperitoneal 
injection of scopolamine hydrobromide (5/ mg/
kg) one hour following the final dose of the test 
substances. Animals were grouped and treated as 
follows: Group I received normal saline; Group II 
received scopolamine (5/ mg/kg); Groups III and 
IV were treated with Scopolamine + Donepezil 
Hydrochloride (2/ mg/kg) and Scopolamine + 
Donepezil Nanoemulsion, respectively. 23

	 A total of 24 rats were involved, with six 
rats in each group:
Group I: Control (healthy rats with no scopolamine 
treatment)
Group II: Scopolamine-induced dementia group
Group III: Scopolamine + Donepezil-treated 
group (2/ mg/kg/day, orally)
Group IV: Scopolamine + F1 Donepezil 
nanoemulsion group (intranasal Donepezil 
nanoemulsion at 1/ mg/kg equivalent dose) 
Evaluation parameters
	 At the end of the treatment period, rats 
were subjected to behavioural tests to assess their 
memory and learning using the Morris Water Maze 
and Elevated Plus Maze.24 At the conclusion of 

Table 1. Composition of nanoemulsion with different ratios

Formulation	 Drug	 Oil	 Smix 	 Water (ml)
	 (mg)	 (ml)	 (surfactant and 
			   co-surfactant) ml

F1	 20	 0.2	 1:1	 18
F2	 20	 0.2	 1:2	 17
F3	 20	 0.3	 2:1	 17
F4	 20	 0.3	 3:1	 16
F5	 20	 0.4	 4:1	 15
F6	 20	 0.4	 5:1	 14
F7	 20	 0.5	 6:1	 13
F8	 20	 0.5l	 7:1	 12
F9	 20	 0.6	 8:1	 11
F10	 20	 0.6	 9:1	 10

Table 2. Evaluating the saturation solubility of a drug in oils, surfactants, and co-surfactants

Oils 	 Solubility in 	 Surfactant 	 Solubility in 	 Co-surfactant  	 Solubility in 
	 mg/ml (n=3)		  mg/ml (n=3)		  mg/ml(n=3)
	 Mean±SD		  Mean±SD		  Mean±SD

Oleic Acid 	 95 ± 2.64 	 Tween 80	 85 ± 2.0 	 PEG200	 70 ± 2.05 
Castor oil	 80 ± 1.01 	 Tween 20	 75 ± 2.0 	 PEG400	 80 ± 1.5 
Soybean oil	 45 ± 1.23			   Propylene glycol	 65 ± 1.5 
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the experiment, the rats were sacrificed, and their 
brains were carefully extracted and split into two 
hemispheres.25 The right hemisphere was preserved 
in 10% formaldehyde for histopathological 
evaluation, while the left hemisphere was stored 
at –80/ °C for biochemical analyses, including 
assessment of acetylcholinesterase (AChE) 
activity,26 catalase levels,27 malondialdehyde 
(MDA) content,28 and glutathione (GSH) levels.29

Statistical research

	 Statistical analysis was performed using 
one-way ANOVA followed by Dunnett’s post hoc 
test, utilising GraphPad Prism software. Data are 
expressed as mean ± standard error of the mean 
(SEM), with a sample size of n = 6 per group. A 
p-value of d” 0.001 was considered statistically 
significant.
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Fig. 1. Pseudo-Ternary Phase Diagrams with Different ratios of Smix [Surfactant: Co-Surfactant]

RESULTS

	 Donepezil hydrochloride solubility was 
carried out on oils, surfactants & co-surfactants. 
Considering solubility, oleic acid was utilised as 
the oily phase, while PEG 400 served as the co-
surfactant & Tween 80 as surfactant (Table 2).
Development of the Pseudo ternary phase 
diagram
	 Pseudo-ternary phase diagrams were 
constructed for each Smix ratio using oleic acid 
as the oil phase, distilled water as the aqueous 
phase, Tween-80 as the surfactant, and PEG 400 
as the co-surfactant. A total of six phase diagrams 
were generated with Smix ratios of 1:1, 2:1, 3:1, 
4:1, and 5:1. The nanoemulsion (NE) regions were 
identified and highlighted within each diagram. 

Among the ratios tested, the Smix ratio of 1:2 
demonstrated the largest nanoemulsion region, 
indicating superior emulsification capacity. The 
size and extent of the nanoemulsion region are 
largely influenced by the ability of the Smix to 
solubilise the oil phase. Moreover, minimising the 
system’s free energy is crucial for achieving stable 
formulations with optimal droplet size (Figure 1).
Prepared nanoemulsion characterization
Measurement of Transmittance
	 The percentage transmittance (%T) of 
the prepared nanoemulsion was determined using 
a UV-visible spectrophotometer at a wavelength 
of 270 nm, with distilled water used as the blank. 
The formulation exhibited a %T value of 98.21 ± 
2.31%, indicating high clarity and transparency, 
characteristic of a well-formed nanoemulsion.
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Fig. 2. Zeta potential optimised formulation F1

pH of the prepared Nano emulsion
	 pH of all prepared batches of Nano 
emulsion was found between 5.98 - 7.40.
Viscosity measurement
	 It was measured by a Brookfield 
viscometer under 80 to 100 % torque. The viscosity 
of all prepared batches was found in the range of 
65.42 – 80.54 cp. 
Zeta potential
	 A 1ml sample was placed in a folded 
disposable capillary cell. Zeta potential was 
measured using the instrument. The electric 
field ranges from -120 to 120 V. The optimised 
formulation had a zeta potential of -0.1mV (Figure 
2). 
Particle size and Poly dispersity index 
determination
	 A Zeta sizer was employed for measuring 
the globule size and PDI of nanoemulsion later 
diluting with the distilled water that was filtered 
through 0.45ìm membrane. The optimised 

formulation had a mean 24.9 nm globule size & 
0.748 PDI (Figure 3). 
Scanning electron microscopy (SEM)
	 The surface properties of Donepezil 
hydrochloride, oleic acid, PEG 400, and Tween 
80 were investigated using SEM (Vega 3 Tuscan). 
An acceleration potential of 10kV was applied by 
scanning the specimens using an electron beam and 
the images were captured in the secondary electron 
mode. Figure 4 illustrates the findings.
In-Vitro release studies
	 The cumulative assessments for the 
release of Donepezil Hydrochloride from the 
nanoemulsion (NE) and the drug solution were 
conducted in a simulated phosphate-buffered saline 
(PBS) at a pH of 7.4. After 24 hours, the total 
amount of Donepezil Hydrochloride released from 
the NE was recorded at 88.90 ± 4.2, whereas the 
majority of the drug from the solution was released 
within only 4 hours. The graph illustrates that the 
NE exhibited an initial burst release, likely due 
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Fig. 3. Particle size & Poly dispersity index of optimised formulation

to the presence of nanodroplets located near the 
NE’s surface, followed by a gradual release phase. 
The extended release period may result from the 
delayed release of the drug from the oily core at 
the oil-water interface, as the aqueous medium 
acts as a barrier to drug transport. the dialysis 
bag served as a physical barrier, permitting only 
the unbound drug to pass through its nanosized 
pores. The in vitro drug release data for the 
formulation were analysed using various release 
kinetic models, including zero-order, first-order, 
Higuchi, and Peppas models, to assess the release 
mechanism from the nanoemulsion. The results 
demonstrated that the drug release best fit the 
zero order and Higuchi model, as indicated by the 
highest correlation coefficient (R² = 0.961). This 
behavior suggests that the dialysis membrane acts 
as a controlling barrier, limiting diffusion within 
the reservoir system (Figure 5).
In vivo neuroprotective activity
Effect of F1 on Active avoidance response 
	 Rats treated with scopolamine showed 
reduced performance in the retention trial compared 

to the acquisition trial, indicating impaired learning 
and memory relative to the control group. In 
contrast, rats receiving donepezil along with 
scopolamine exhibited a higher active avoidance 
response during the retention trial than during 
acquisition. Similarly, co-administration of the 
F1 formulation with scopolamine resulted in a 
significant improvement in retention performance 
compared to acquisition, suggesting enhanced 
learning and memory. The results are shown in 
Figure 6.
	 Animals in the scopolamine-treated 
group(GroupII) showed impaired performance in the 
active avoidance test. Treatment with Scopolamine 
+ Donepezil(groupIII) and Scopolamine + F1 
intranasal formulation(GroupIV) significantly 
improved active avoidance response, as evidenced 
by a significant reduction in avoidance latency (sec) 
compared to the scopolamine group (***p < 0.001).
F1 Formulation intranasal group effect on 
Escape latency time (ELT)
	 Engaging in the Morris water maze task 
over the course of seven days improves rats’ ability 
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Fig. 4. Particle size determination of F1

Fig. 5. In vitro release studies of formulations
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Table 3. Kinetics release study

Zeroorder	 Ist Order	 Higuchi	                  Korsemeyer-Pepps
R2	 R2	 R2	 R2	 n

0.96	 0.756	 0.961	 0.943	 0.611

Fig. 6. F1 Formulation affects the active response of avoidance. Values are presented as mean ± SEM.

Fig. 7. F1 Formulation group escape latency time. The values were expressed as Mean ± SEM.

to find the concealed platform in the designated 
quadrant. Rats that received scopolamine treatment 
exhibited longer escape latencies (the duration 
required to locate a platform) relative to those given 
the vehicle–inoculated controls through the training 
days, thereby suggesting more deficits. Groups 
that were treated with saline quickly acquired 

the location of the platform. F1 Formulation 
treated groups Trough nasal route, like the groups 
treated with donepezil, had significantly lowered 
the Scopolamine effects on Escape latency (EL). 
Results were shown in Figures 7 & 8.
	 Animals  that  were  t rea ted  wi th 
scopolamine had a higher Escape latency time 
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Fig. 8. Recording of escape latency time in scopolamine-induced dementia by using the Morris water maze

Fig. 9. Effect of F1 Formulation on acetylcholinesterase

Fig. 10. Effect of F1 Formulation on levels of catalase
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Fig. 11. Effect of F1 Formulation intranasal on reduced glutathione levels

Fig. 12. Histopathological studies of the rat hippocampus, part of the brain in scopolamine-induced dementia
A. Normal control rat demonstrating histological hippocampal structure.
B. Rats treated with scopolamine exhibited notable congestion in the blood capillaries, which was accompanied by 
perivascular edema (Scars), along with the presence of edema and amyloid plaques in the hippocampus.
C. Dementia induced by scopolamine in rats undergoing donepezil treatment showed widespread gliosis and reduced 
nuclear size in hippocampal pyramidal cells. 
D. In comparison to the control, rats treated with nanoemulsion exhibit reduced development of amyloid plaques 
in the hippocampal area of the brain. 

(**p<0.001) in comparison to the control group. In 
contrast, animals treated with scopolamine along 
with donepezil or the F1 intranasal formulation 
exhibited a significant reduction in escape latency 
time when compared to the scopolamine group 
(***p < 0.001).
Effect of F1 Formulation intranasal group on 
acetylcholinesterase
	 Scopolamine-treated animals had 
higher levels of acetylcholinesterase (0.60±0.11) 
compared to the control group, while Scopolamine 
+ donepezil-treated animals had lower levels of 

acetylcholinesterase levels (0.18±0.18) when 
compared to scopolamine-treated animals 
and animals treated with Scopolamine + F1 
Formulation, the intranasal group had shown a 
significant decrease in Acetylcholinesterase levels 
(0.20±0.17) compared to scopolamine-treated 
animals. Results were shown in Figure 9.
	 Animals treated with scopolamine 
had higher levels of acetylcholinesterase (** p 
< 0.001) in comparison to the normal control. 
Scopolamine + Donepezil and the Scopolamine + 
F1 Formulation intranasal groups had significantly 
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lower levels of acetylcholinesterase (*** p<0.001) 
when compared to the Scopolamine group.
F1 Formulation effect on catalase levels (µM/
mg/min)
	 Animals treated with scopolamine had 
lower catalase levels (21.76±13.90) as compared to 
controls. Scopolamine + Donepezil-treated animals 
had higher catalase levels (44.85±8.65) compared 
to scopolamine-treated animals. Animals treated 
with Scopolamine + F1 Donepezil nanoemulsion 
intranasally had significantly higher catalase levels 
than scopolamine-treated animals. Based on these 
findings, F1 Donepezil nanoemulsion significantly 
increases catalase levels (42.55±4.42). Results 
were shown in Figure 10.
	 The values were expressed in terms of 
mean ± SEM. Animals treated with scopolamine 
showed significantly reduced levels of catalase 
(** p< 0.001) in comparison to the normal control 
group. Scopolamine + Donepezil and Scopolamine 
+ F1 Donepezil nanoemulsion intranasal treated 
animals possess significantly greater catalase 
values (***p<0.001) than the Scopolamine treated 
group.
F1 Formulation reduced Glutathione levels 
(ìmol/g tissue) effect
	 Scopolamine-treated animals have 
lower Reduced Glutathione levels (35.36±1.21) 
compared to the control group. Scopolamine + 
Donepezil-treated animals have higher Reduced 
Glutathione levels (90.1±0.18) compared to 
scopolamine-treated animals. Scopolamine + F1 
Donepezil nanoemulsion intranasal-treated animals 
have significantly higher reduced Glutathione 
levels than scopolamine-treated animals. Based on 
the results, F1 Donepezil nanoemulsion intranasal 
significantly increases the Reduced Glutathione 
levels (88.9±0.98). The results were shown in 
Figure 11.
	 The values were represented as Mean 
± SEM. Animal group treated with Scopolamine 
shows lowering of glutathione levels (**p<0.001) 
to that of normal control. Scopolamine + Donepezil 
& Scopolamine + F1 Formulation intranasal treated 
animals showed significantly higher reduced values 
of glutathione (***p <0.001) than to the group that 
was treated with Scopolamine. 
Histopathological studies

DISCUSSION 

The development of a Donepezil nanoemulsion
	 ( D P Z - N E )  I n t r a n a s a l  d e l i v e r y 
demonstrated significant potential for enhancing 
the drug’s therapeutic efficacy in Alzheimer’s 
disease management. The selection of oleic acid 
as the oily phase, PEG 400 as the co-surfactant, 
and Tween 80 as the surfactant was based on 
solubility studies, ensuring optimal formulation 
stability and drug dispersion. Pseudo-ternary phase 
diagrams indicated that the 1:2 Smix ratio provided 
the largest nanoemulsion region, suggesting 
an ideal composition for stable nanoemulsion 
formation. Characterisation studies confirmed 
that the optimised formulation exhibited desirable 
physicochemical properties, including a transparent 
appearance, Newtonian flow behaviour, and a 
nanosized globule diameter of approximately 24.9 
nm.
In vitro release profile 
	 The in vitro release profile of DPZ-
NE adhered to Higuchi kinetics, suggesting a 
diffusion-driven release mechanism. In contrast to 
traditional Donepezil solutions, the nanoemulsion 
exhibited a more prolonged and controlled release, 
which could potentially improve therapeutic 
outcomes by sustaining drug concentrations 
in the brain. Additionally, the nanoemulsion’s 
enhanced permeation across the nasal mucosa 
was further validated by zeta potential analysis 
and its pseudoplastic characteristics, both of 
which promote improved mucosal adhesion and 
absorption.
In vivo studies 
	 In vivo studies using scopolamine-induced 
dementia models provided strong evidence of 
DPZ-NE’s neuroprotective potential. Behavioral 
tests, including the Morris water maze and active 
avoidance response, showed that nanoemulsion-
treated animals exhibited significantly improved 
cognitive function compared to those receiving 
oral Donepezil. Additionally, biochemical analysis 
revealed that DPZ-NE effectively reduced 
acetylcholinesterase activity while increasing 
antioxidant enzyme levels, such as catalase and 
glutathione. These findings suggest that the 
nanoemulsion not only enhances drug delivery 
to the brain but also plays a role in mitigating 
oxidative stress and neurodegeneration.
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Histopathological analysis 
	 Histopathological analysis of hippocampal 
tissues further confirmed the neuroprotective effects 
of DPZ-NE. The nanoemulsion-treated group 
exhibited reduced amyloid plaque deposition and 
neuronal damage compared to the scopolamine-
induced dementia group, indicating a protective 
effect against Alzheimer’s pathology. These 
findings collectively highlight the potential 
of intranasal DPZ-NE as a promising strategy 
for improving Donepezil’s bioavailability and 
therapeutic impact in Alzheimer’s disease. Future 
studies should focus on clinical translation and 
long-term safety assessments to validate its 
effectiveness in human populations.

CONCLUSION

	 The study successfully developed a 
Donepezil-loaded nanoemulsion (DPZ-NE) aimed 
at improving brain-targeting and enhancing the 
therapeutic efficacy of Donepezil for Alzheimer’s 
disease management. The optimized nanoemulsion 
exhibited a stable and nanosized globule diameter 
(24.9 nm) and a zeta potential of -0.1 mV, indicative 
of its stability and favourable physicochemical 
properties. The in vitro drug release followed 
Higuchi’s diffusion-controlled model, providing 
sustained drug release compared to conventional 
formulations, which could enhance therapeutic 
outcomes by maintaining drug concentrations in 
the brain. In vivo neuroprotective studies using 
a scopolamine-induced dementia rat model 
demonstrated significant cognitive improvements 
in animals treated with the nanoemulsion compared 
to those receiving conventional Donepezil. The 
nanoemulsion treatment effectively reduced 
acetylcholinesterase levels, increased antioxidant 
enzyme levels (such as catalase and glutathione), 
and reduced oxidative stress, suggesting 
neuroprotective effects. Histopathological analysis 
confirmed the reduction of amyloid plaque 
deposition and neuronal damage, indicating 
the nanoemulsion’s potential for combating 
Alzheimer’s pathology.
	 This study underscores the potential 
of intranasal DPZ-NE as a promising strategy 
for enhancing Donepezil’s bioavailability and 
therapeutic efficacy in Alzheimer’s disease 
treatment. Future studies focusing on clinical 

translation will be essential to validate the 
effectiveness of this formulation in human 
populations.
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