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 Abstract: Background: Alzheimer's disease (AD) is a neurodegenerative condition that affects the el-
der population and is linked to behavioral instability and cognitive decline. Only a few drugs are ap-
proved for clinical management of AD. Volatile oils and their components exhibit diverse pharmaco-
logical potentials, including neuroprotective properties. The current study aimed to evaluate isoeuge-
nol's neuroprotective potentials against cognitive impairments caused by scopolamine. 

Methods: Standard protocols were followed in the in-vitro antioxidant, cholinesterase inhibitory and 
molecular docking assays. Isoeugenol was initially evaluated for antioxidant potential using DPPH 
and ABTS free radicals scavenging assays. Subsequently, AChE/BChE inhibition studies were per-
formed following Ellman’s assay. To assess the compound's binding effectiveness at the enzymes' tar-
get site, it was docked against the binding sites of cholinesterase. The effect of isoeugenol supplemen-
tation on scopolamine-induced amnesia was assessed using Shallow Water Maze (SWM), Y-Maze and 
Elevated Plus Maze (EPM) tests. 

Results: In DPPH and ABTS assays, isoeugenol exhibited considerable efficacy against free radicals 
with IC50 of 38.97 and 43.76 μg/mL, respectively. Isoeugenol revealed 78.39 ± 0.40% and 67.73 ± 
0.03% inhibitions against AChE and BChE, respectively, at 1 mg/ml concentration. In docking stud-
ies, isoeugenol exhibited a docking score of -12.2390, forming two hydrogen bonds at the active site 
residues of AChE. Further, with a docking score of -10.1632, isoeugenol binds adequately to the 
BChE enzyme via two arene-hydrogen interactions and one hydrogen bond. 

Conclusion: Isoeugenol offered considerable protection against scopolamine-induced memory deficits 
and improved the special memory of the rodents.  
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1. INTRODUCTION 

 Dementia refers to a group of diseases associated with a 
gradual decline in brain functions, causing cognitive decline, 
behavioral turbulence and imperfection in routine functions 
[1]. Alzheimer’s Disease (AD) is the most common cause of 
dementia among old age population [2]. The disease promi-
nently affects individuals above 65 years and is responsible 
for 50-60% of all dementia cases. In 2018, about 50 million 
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people were affected by dementia globally, which is estimat-
ed to reach 152 million effectors by 2050 [3]. The economic 
burden of AD is huge, as it is reported that AD costs almost 
$1 trillion and predicted that it will double by 2030 [4]. AD 
has a high mortality rate, describing it as just not a disease of 
memory loss. Neuropathologists revealed various pathologi-
cal pathways of AD, including the development of β-
amyloid plaques (Aβ), neurofibrillary tangles (NFTs), a de-
pletion in cholinergic neurons, a decline in cholinesterase’s 
and oxidative stress [5, 6]. The Aβ are abnormal deposits of 
a protein resulting from the breakdown of amyloid precursor 
protein (APP) by the catalytic action of Beta-Amyloid Pre-
cursor Protein (BACE-1), also known as β-secretase [7]. The 
resulting proteins are sticky in nature and aggregate outside 
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neurons in the brain's parenchyma and cerebral blood vessels 
and are, therefore, called congophilic angiopathy or cerebral 
amyloid angiopathy. Deposition of Aβ outside the neurons 
initiates another pathway inside the neuron, the development 
of hyperphosphorylated tau proteins which halt transporta-
tions inside the neurons [8]. This leads to the loss of cholin-
ergic neurons which brings acetylcholine (ACh) deficiency 
in the hippocampus, causing memory dysfunctions with im-
paired cognitive processes. To maintain the cholinergic ac-
tivities, inhibition of cholinesterase involved in the catalytic 
breakdown of ACh is among the most viable option now [9]. 
The synaptic upsurge of ACh relieves behavioral issues and 
improves memory. 

 L-(2)-Scopolamine is an alkaloid that competes with ace-
tylcholine for muscarinic receptors, acting as a muscarinic 
antagonist. Peripherally, it antagonizes parasympathetic 
nervous system activities, and in the central nervous system, 
it induces sedation, antiemesis, and amnesia. Scopolamine is 
structurally similar to atropine, an inhibitor of the parasym-
pathetic system and can be used in conditions requiring de-
creased parasympathetic activity. It mostly affects the eye, 
gastrointestinal tract, heart, and exocrine organs [10]. In ro-
dents’ scopolamine inhibits cholinergic neurotransmission 
and leads to memory and cognition impairments. Current 
studies have shown that scopolamine also increases ROS 
accumulation in the brain [11], so it is an ideal agent for in-
ducing amnesia and oxidative stress in rodents.  

 As the currently available drugs are linked to adverse 
consequences and poor efficacy, people look back to tradi-
tional medicine for treatment, and so far, the plant's products 
have never disappointed by providing effective remedies 
with fewer ADRs. Essential oils and their constituents are 
reported to exhibit diverse pharmacological properties, in-
cluding efficacy in neurodegenerative disorders [12, 13]. 
Plant-derived essential oils have numerous lipophilic com-
pounds having a low molecular weight, which can easily 
cross the blood-brain barrier (BBB) and cell membranes and 
thus could be one of the best sources for AD therapy [14-16]. 
A hydroxyphenyl propene known as eugenol, a major con-
stituent of clove oil, has extensive uses in foods and cosmet-
ics. Its claim of traditional use for health benefits was also 
supported by several scientific reports, such as efficacy 
against inflammation, oxidative stress and strong antimicro-
bial potentials. Due to its wide use, the current work was 
carried out to evaluate the potency of eugenol against AD 
[17]. Isoeugenol is a plant-derived essential oil that exhibits 
diverse pharmacological and neuroprotective potentials. For 
instance, biochemical and behavioral studies suggest that it 
protects rats against acrylamide-induced neuropathy [18]. It 
has also been reported that isoeugenol and eugenol amelio-
rate inflammation, neuronal impairments, and downregulate 
oxidative stress mediators in the diabetes-induced neuropa-
thy model [19]. However, efficacy in Alzheimer’s disease 
(AD) using scopolamine-induced amnesia was not reported 
yet. The current study aimed to evaluate the neuroprotective 
potentials of isoeugenol against scopolamine-induced cogni-
tive impairments and assessment of its in-vitro efficacy 
against free radicals, cholinesterases and in-silico evalua-
tions.  

2. MATERIALS AND METHODS 

2.1. Chemicals and Drugs 

 AChE (type-VI-S, CAS 9000-81-1 Sigma-Aldrich), 
BChE (CAS 9001-08-5 Sigma-Aldrich), acetylthiocholine 
iodide (CAS 1866-15-5 Sigma-Aldrich), butyryl thiocholine 
iodide (CAS 2494-56-6 Sigma-Aldrich), DTNB (CAS 69-
78-3 Sigma-Aldrich), Galantamine (CAS 1953-04-4 Siga-
Aldrich), DPPH (CAS 1898-66-4 Sigma Aldrich) ABTS 
(Sigma Aldrich), Methanol (Sigma-Aldrich), Scopolamine 
(MACKLIN, Lot number C11911980, Cas;6533) were used 
in the study (Fig. 1).  
 

 
 
Fig. (1). Structure of isoeugenol used in the study. 
 

2.2. Antioxidant Studies 

2.2.1. DPPH Free Radical Scavenging Assay  

 Using the DPPH anti-radicals assay, the antioxidant effi-
ciency of isoeugenol was determined. Following the test 
sample's serial dilutions (62.5-1000 μg/mL), 1 ml of meth-
anolic DPPH solution was mixed with each sample. The 
mixture was then left in a dark room for half an hour, and 
absorbance was taken at 517 nm via a spectrophotometer. 
Vitamin C served as the standard drug in the assay. The fol-
lowing equation was used to estimate the test sample's per-
cent scavenging capacity: (A-B)/A×100, Where the standard 
drug absorbance is indicated by “A”, and test sample absorb-
ance is indicated by “B” [20]. 

2.2.2. ABTS Free Radical Scavenging Assay 

The anti-radical capacity of isoeugenol was analyzed em-
ploying ABTS assay. To the serial dilutions 62.5-1000 
μg/mL of isoeugenol, 1 milliliter of methanolic ABTS solu-
tion was added, and the mixture was left in a darkened space 
for half an hour. The absorbance was measured at 745 nm 
through a spectrophotometer. Again, Vitamin C was used as 
a standard agent in the assay. Finally, the scavenging poten-
tial percentage of the test sample was determined through the 
formula (A-B)/A×100. A denotes the absorbance of the 
standard, and B denotes the absorbance of the test sample 
[21]. 

2.3. Cholinesterase Inhibitory Assay 

 Eugenol's ability to inhibit cholinesterases was assessed 
using the AChE and BChE enzymes. The production of 5-
thio-2-nitrobenzoate anion was aided by the hydrolysis of 
acetylcholine iodide and butyrylcholine iodide, respectively, 
by these two enzymes. When these anions combine with 
DTNB (5,5'-dithiobis-(2-nitrobenzoic acid), a yellow-colored 
molecule is produced. The intensity of yellow was used for 
quantification through a spectrophotometer, which provides 
data on the anticholinesterase potential of isoeugenol [22]. 



Appraisal of the Neuroprotective Potentials of Isoeugenol Current Neuropharmacology, 2025, Vol. 23, No. 3    319 

2.3.1. Preparation of Solutions 

 Various concentration solutions of isoeugenol (62.5-1000 
µg/ml) were made. Enzyme solutions were freshly prepared 
in a phosphate having a PH value of 8.0, containing 518 
units/ml, and similarly, BChE was prepared in a phosphate 
buffer containing 7-10 units/ml. Then, the units of each en-
zyme were adjusted to 0.03 U/ml and 0.01 U/ml. Similarly, a 
substrate for both enzymes was prepared by taking 14.45 
mg/ml acetylcholine and 15 mg/ml butyrylcholine in phos-
phate buffer. All the solutions were stored in the refrigerator. 
Galantamine was taken and dissolved in methanol and was 
used as positive control. 

2.3.2. Assay procedure & Spectroscopic Analysis 

 Sample solutions with variable concentrations were 
mixed with 50 ul enzyme solution, and after the addition of 
50 ul DTNB, it was incubated at 37�C for 15 min. Each vial 
was supplemented with 50 ul of substrate after the incubation 
period, and its absorbance was assessed at 415 nm. For com-
parison, galantamine, which is a standard AChE inhibitor, 
was used. The difference in initial absorbance and absorb-
ance after 4 minutes was recorded, and the below equation 
was used to compute the inhibition percentage [23]; 
Percentage of enzyme inhibition = Hindered minus percent-
age of enzyme inhibition;  
Percentage of enzyme activity = 100 ×V/Vmax. Here, V 
represents the rate of change in absorbance over time (ΔAbs/ 
Δt), and Vmax indicates the peak potency of the enzyme 
without an inhibitor. 

2.4. Molecular Docking 

 The prediction of the binding of compounds to specific 
proteins is done by a sort of computational modeling called 
docking studies. They are frequently employed in the re-
search and development of pharmaceuticals to find prospec-
tive substances that could bind to a given target protein and 
alter its function. The molecular docking was carried out 
using the MOE-Dock tool (www.chemcomp.com) to ascer-
tain the isoeugenol binding interactions at the active site of 
the enzyme AChE and BChE [24]. These enzymes' 3D crys-
tal structures have been retrieved from the Protein Databank 
(PDB) along with their PDB IDs, 4M0E (AChE) and 1P0P 
(BChE). The Molecular Operating Environment (MOE) 
software was utilized to eliminate every water molecule from 
the recovered crystal structures. Following 3D protonation to 
introduce hydrogen atoms to the protein structures, minimi-
zation of energy was performed via MOE standard configu-
rations. The isoeugenol structure was constructed using these 
default parameters, and energy was reduced. Then, isoeuge-
nol was docked into the target enzymes' active sites in MOE 
(www.chemcomp.com). i.e., Triangle Matcher placement, 
London dG scoring first, Induced Fit refinement, Forcefield 
default, London dG scoring second. Ten conformations were 
produced for each ligand, and the conformation with the 
maximum docking score was subjected to additional molecu-
lar docking. Using MOE software, the optimal postures with 
polar, H-pi, and pi-H interactions were examined following 
molecular docking [25]. 

2.5. In-vivo Assays 

2.5.1. Animal grouping and Amnesia Induction 

 This research was evaluated and approved by the De-
partmental Ethics Committee (DREC) at the Department of 
Pharmacy University of Malakand with ref No. DREC/ 
Pharm/12-2023. BALB/c mice, mixed breed (Both genders), 
weighing 25-30 g, were provided with natural light/dark 
conditions and access to food and water ad libitum. For in-
duction of amnesia in mice, scopolamine was used and given 
(1 mg/kg) intraperitoneally for 9 consecutive days. The mice 
were divided into four groups: 

• Normal/Saline treated group. 
• Disease/Scopolamine (1 mg/kg) treated group. 
• Standard/Galantamine (8 mg/kg) + Scopolamine  

(1 mg/kg i/p) treated group. 
• Test/Isoeugenol (1 mg/kg) + Scopolamine (1 mg/kg) 

treated group.  
 With the exception of the normal group, scopolamine 
was given to each of these groups [26]. Animals went 
through an acclimatization period of 5 days, followed by 
induction of amnesia by I/P administration of scopolamine 
for 9 days, followed by training of all groups for 9 days. Fi-
nally, standard (8 mg/kg) and test isoeugenol (1 mg/kg) were 
administered (I/P) for 7 days, and tests were conducted [25], 
as summarized in Fig. (2).  

2.6. Shallow Water Maze Test 

 The paddling pool model having an octangular design 
was used. The test was carried out through the Robert M.J. 
Deacon protocol. The model consisted of a grey base con-
taining shallow water which is bounded by transparent acryl-
ic plastic walls. The model has an 86 cm diameter and con-
tains 8 exits; among them, one exit is open and connected to 
a pipe and the remaining exits are closed with black plastic 
plugs. The temperature of water was 20°C to 25°C to pro-
vide comfort to the mice and also eliminate temperature base 
stimuli that could disturb the final result. The experimental 
room also contained some external cues, such as pictures and 
lamps which act as orientation for the experimental animals. 
These cues were kept consistent throughout the experimental 
procedure [27]. Before the injection of the drug, all groups of 
mice undergo 9-day training trials. Animals were positioned 
in the middle of the pool at various directions to the escape 
tube and the training session lasted for 60 seconds. Most of 
the mice reached the escape tube quickly; the mice that 
failed to reach the escape tube were guided manually, and 
the escape time was measured as escape latency in seconds. 
Animals of the disease group were confined untreated, while 
the normal group animals received saline. The standard group 
consisted of mice receiving galantamine, and the test group to 
whom the test sample was given at a dosage of 1 mg/kg/day 
for 7 days successively. Finally, animals were subjected to 
testing, and their escape latency was measured [27]. 

2.7. Spontaneous Alternation Y-Maze Test 

 Utilizing the Y-maze model, the short-term memory of 
the rodents was assessed. The primary goal of this model 



320    Current Neuropharmacology, 2025, Vol. 23, No. 3 Alyami et al. 

 
 

Fig. (2). Study scheme for the in-vivo experiments. (A higher resolution/colour version of this figure is available in the electronic copy of the 
article). 
 
was to assess spatial working memory, which involves the 
interaction of several brain regions, including the frontal 
cortex and hippocampus. The three arms of the Y-maze are 
positioned at 120-degree angles to one another. The animals 
were allowed to roam around and investigate the maze on 
their own. Even when they have visited the previously visit-
ed part, mice with high recall will enter the less explored 
arm. Mice's ability to recall and retain spatial knowledge is 
demonstrated by their behavior. The procedure uses the 
mice's natural curiosity to explore new places [28]. The mice 
were trained for nine days, and at the start of the trials, they 
were acclimated to the trial compartment. Initially, 70% pro-
panol was used to disinfect the area before the trial began. 
The maze's labyrinth had three arms, designated A, B, and C. 
The animals were positioned in arm A, facing the center of 
the maze, and were free to walk around and explore the maze 
while an eight-minute recording was conducted. After 8 
minutes, the mouse was carefully returned to its cage, and 
again, the maze was sanitized with 70% propanol prior to the 
introduction of the new mouse. After completion of the trial, 
the number of each arm’s entries was counted and alternation 
was assessed, which designated the spatial memory of the 
mouse [29]. The formula to calculate the percentage alterna-
tion was as follows: 

Percentage of alternation = (No of Alternations / Total No of 
arm entries - 2) ×100.  

2.8. Elevated Plus Maze (EPM) Test 

 Retention and gaining of memory of the animals (mice) 
were assessed through the EPM model. The model is in plus 
shape with four arms; in them, two were open (35×5 cm), 
and two were closed (35×5×15 cm) and had 25 cm height. 
The testing room was provided with dim light, and the trials 
were carried out between 10 am and 4 pm for nine consecu-
tive days. As we previously mentioned, animals went 
through training sessions for 9 consecutive days. The mice 
were placed in the experimental room one hour before the 
test in order to acclimatize to the experimental room. The 
video recorder was kept above the maze and a mouse was 
carefully placed on the open arm of the maze, facing oppo-
site to the center of the maze. The time in which the mouse 
enters into the closed arm is termed as transfer latency and 
was recorded during the trials, and the footage was evaluated 
to calculate the transfer latency and memory acquisition of 
mice. 

2.9. Statistical Analysis 

 Data was calculated as mean ± SEM. Figures were gen-
erated via GraphPad Prism and IC50 were determined from 
dose-response data. One-way ANOVA followed by multiple 
comparisons Dunnett’s test was applied to the results for 
comparisons of test groups with standards. A p-value of less 
than 0.05 was deemed statistically significant.  

3. RESULTS AND DISCUSSION 

3.1. Isoeugenol Exhibits Scavenging effects against DPPH 
Radicals 

 In the DPPH assay, Isoeugenol demonstrated a concen-
tration-dependent pattern of percent inhibition against ABTS 
free radicals, as shown in Fig. (3). It demonstrated 83.51 ± 
0.54, 75.76 ± 0.61, 67.22 ± 1.28, 63.51 ± 0.54 and 56.37 ± 
0.56 percent inhibition against DPPH free radicals at 1000, 
500, 250, 125 and 62.5 μg/mL concentrations corresponding-
ly and an IC50 of 38.97 μg/mL. Further, % DPPH inhibition 
of isoeugenol was comparable with gallic acid, having IC50 
of 13.72 μg/mL.  

3.2. Inhibitory Study against ABTS Radicals 

 Isoeugenol demonstrated a high % inhibition against 
ABTS free radicals in a dose-dependent way (Fig. 4). It 
demonstrated 79.08 ± 0.47, 72.56 ± 1.06, 65.03 ± 0.35, 61.90 
± 1.55 and 53.42 ± 0.46 percent inhibition at the same con-
centrations mentioned above and IC50 of 43.76 μg/mL. 
Isoeugenol percent scavenging was comparable with gallic 
acid, whose IC50 value was 12.98 μg/mL. 

3.3. AChE Inhibition Study 

 In the AChE inhibition assay, the compound isoeugenol 
showed concentration-dependent AChE inhibition, as shown 
in Fig. (5). It demonstrated 78.39 ± 0.40, 54.29 ± 0.32, 45.34 
± 0.35, 34.02 ± 0.24 and 26.35 ± 0.11 percent inhibition at 
1000, 500, 250, 125 and 62.5 μg/mL concentrations, respec-
tively, with IC50 of 430.42 μg/mL in comparison to galanta-
mine (positive control), whose IC50 value was 30.54 μg/mL. 

3.4. BChE Inhibition Study 

 In the BChE inhibition assay, the compound isoeugenol 
demonstrated BChE inhibition in a dose-dependent way, as 
shown in Fig. (6). Our sample demonstrated 67.73 ± 0.03, 
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Fig. (3). Results of isoeugenol inhibitory potentials against DPPH radicals. Results were expressed as a Mean ± SEM of three experimental 
observations. Ns represent results that were not significantly different (p > 0.05) when compared with positive control at the same tested con-
centrations. (A higher resolution/colour version of this figure is available in the electronic copy of the article).  
 

 
 

Fig. (4). Results of isoeugenol inhibitory potentials against ABTS radicals. Results were expressed as a Mean ± SEM of three experimental 
observations. Ns represent results that were not significantly different (p > 0.05) when compared with positive control (Gallic acid) at the 
same tested concentrations. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
 
57.42 ± 0.12, 47.39 ± 0.35, 41.36 ± 0.71 and 29.15 ± 0.22 
percent inhibition at 1000, 500, 250, 125 and 62.5 μg/mL 
concentrations and IC50 of 277.91 μg/mL in comparison to 
galantamine (positive control), whose IC50 value was 21.30 
μg/mL. 

3.5. Molecular Docking Analysis 

 The interaction of isoeugenol with the AChE/BChE was 
examined utilizing a molecular docking approach. The 
isoeugenol was properly accommodated in the target  
enzymes' active sites. The isoeugenol (docking score =  
-12.2390) was shown to have created two hydrogen bonds 

with the AChE active site residues based on its docking con-
figuration (Fig. 7). Isoeugenol exhibited a docking score of  
-10.1632 against BChE and is effectively bonded to the 
BChE enzyme through two arene-hydrogen interactions and 
one hydrogen bond (Fig. 8). 

3.6. Behavioral Studies 

3.6.1. Isoeugenol offers Protection against Cognitive Im-
pairments in the SWM Paradigm 

 Using a shallow water maze test, the mice's spatial work-
ing memory was assessed. Even after nine days of training, 
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Fig. (5). Results of isoeugenol inhibitory potentials against AChE. Results indicate the Mean ± SEM of three observations. One-way ANOVA 
followed by multiple comparisons Dunnett’s test was applied to the results for comparisons of test groups with standards. Ns = p > 0.05, * = p 
< 0.05 and ** p < 0.01 when compared with positive control (Galantamine) at the same tested concentrations. (A higher resolution/colour 
version of this figure is available in the electronic copy of the article).  
 

 
 

Fig. (6). Results of isoeugenol inhibitory potentials against BChE. Results indicate the Mean ± SEM of three observations. One-way ANOVA 
followed by multiple comparisons Dunnett’s test was applied to the results for comparisons of test groups with standards. Ns = p > 0.05, * = p
< 0.05, ** = p < 0.01 and *** p < 0.001 when compared with positive control (Galantamine) at the same tested concentrations. (A higher 
resolution/colour version of this figure is available in the electronic copy of the article). 
 

untreated amnesic animals show a high latency time indicat-
ing poor working memory of mice with an average escape 
latency of 54.23 sec from day 1 to 7 (Fig. 9). At the same 
time, the mice in the standard group showed substantial im-
provement in their working memory with an average escape 
latency of 23.34 sec. The mice in the test group have a slight 
improvement in their working memory on the first four days 
with an escape latency of 43.86 sec, but after day 5, the mice 
showed significant improvement in the memory with average 
escape latency of 36.57 sec, 32.99 and eventually 26.62 sec 

on day 6 and 7. As expected the mice in the control group 
have minimal latency of 19.18 sec from day 1 to day 7. 

3.6.2. Isoeugenol Improved Spontaneous Alternation Be-
havior in the Y-Maze Test 

 Results of the Y-maze procedure were expressed as per-
cent spontaneous alternations, which designate the special 
working memory of mice (Fig. 10). Those mice that have 
shown a high frequency of alternation have the highest cog-
nition abilities and display less damage to the memories. 
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Fig. (7). Isoeugenol's binding mode to the active residues of AChE. (A higher resolution/colour version of this figure is available in the elec-
tronic copy of the article). 
 

 
 
Fig. (8). Binding mode of compound isoeugenol with the active residues of BChE. (A higher resolution/colour version of this figure is avail-
able in the electronic copy of the article). 
 

Disease animals have the least special working memory with 
45% alternation, while the mice in the control and isoeuge-
nol-treated groups have shown the highest working memory 
with 82.56% and 76.10% alternation, respectively, when 
compared with disease animals. However, the mice in the 
normal group have the highest percent of 87.74 among all 
groups. 

3.6.3. Results of the EPM Test 

 The elevated plus maze model was used to elaborate the 
animal’s learning and memory retention capacity. The results 
of EPM were written in Transfer latency time (TL). The TL 
on the first day of the training session specifies the learning 
ability of mice, while the TL on the next following days 
shows the retention of memory, as illustrated in Fig. (11). 
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Fig. (9). Effect of isoeugenol on transfer latency of animals in SWM test. Results indicate the Mean ± SEM of three observations. One-way 
ANOVA followed by multiple comparisons Dunnett’s test was applied to the results for comparisons of test groups with standards. ** = p < 
0.01 and *** p < 0.001 when compared with Galantamine treated groups. (A higher resolution/colour version of this figure is available in the 
electronic copy of the article). 
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Fig. (10). Effect of isoeugenol on animal's special working memory in the Y-Maze test. Results indicate the Mean ± SEM of three observa-
tions. One-way ANOVA followed by multiple comparison Dunnett’s test was applied to the results for comparisons of test groups with stand-
ards. *** p < 0.001 when compared with the scopolamine-treated group. (A higher resolution/colour version of this figure is available in the 
electronic copy of the article). 
 
The TL of the normal control group on the 7th and 8th day 
was 40.36 and 28.93 sec, respectively. While the mice in the 
disease group exhibit an increase in TL 49.57 and 60.23 on 
days 7th and 8th, which shows impaired working memory. 
Animals of galantamine and isoeugenol-treated groups have 
shown decreased TL on days 7th and 8th, which indicates the 
improvement in the memory and learning ability of mice. 
The TL of eugenol-treated mice was 51.64 and 41.12 sec, 
respectively. While the TL standard administers, the group 
was 47.82 and 36.89, respectively. 

4. DISCUSSION 
 Aging is linked with numerous physiological changes in 
the brain, which include a decline in cognitive functions, 
synaptic dysfunctions and loss of memory [30]. Particularly, 
individuals having age above 65 are at high risk of develop-
ing brain dysfunctions such as AD [31]. Appropriate nutri-

tional interventions, drug therapies and alternative therapies 
are currently under consideration. Medicinal plants are a rich 
source of bioactive molecules and have been in use since 
antiquity [32]. Plants-derived essential oils are low molecu-
lar mass compounds that can cross the cell membrane and 
blood-brain barrier effectively and could be the best options 
for the management of brain anomalies like AD and Parkin-
son's disease [33]. As we know, ACh, once released at the 
synaptic cleft, causes impulse transmission across the syn-
apse, and its action is terminated by the catalytic action of 
the enzyme cholinesterase [22]. However, in AD patients’ 
brain, there is a loss of cholinergic neurons, which causes 
inadequate production of ACh, causing a depletion in ACh 
level and thus memory impairments arise. Therefore, 
AChE/BChE inhibitors are administered, which increases the 
ACh synaptic level via inhibition of its metabolizing en-
zymes. Galantamine, rivastigmine, and donepezil are AChE 
inhibitors permitted by the FDA for AD treatment [12]. 
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Fig. (11). Effects of eugenol on the animal’s transfer latency in EPM test. Results indicate the Mean ± SEM of three observations. One-way 
ANOVA followed by multiple comparison Dunnett’s test was applied to the results for comparisons of test groups with standards. ns = p > 
0.05 and *** p < 0.001 when compared with scopolamine-treated amnesic animals’ groups. (A higher resolution/colour version of this figure 
is available in the electronic copy of the article). 
 
However, these drugs are linked with some severe ADRs 
like hepatotoxicity and nephrotoxicity and searching for 
novel drugs having the least ADRs and high efficacy is still a 
challenge in the medical world. Many plant products have 
been studied and their studies revealed the presence of cer-
tain phytochemicals that inhibit cholinesterase effectively. 
Additional research on these plant products may result in the 
development of a novel medication for the therapy of AD 
[34]. In this current study, we found that eugenol has effec-
tively inhibited AChE/BChE enzymes. The AChE percent 
inhibition of eugenol at different concentrations (62.5-1000 
µg/ml) was 78.39 ± 0.40, 54.29 ± 0.32, 45.34 ± 0.35, 34.02 ± 
0.24 and 26.35 ± 0.11 correspondingly, and IC50 of 430.42 
μg/mL. Whereas, galantamine (positive control) revealed an 
IC50 value of 30.54 μg/mL. Regarding BChE inhibition ac-
tivity eugenol exhibit 67.73 ± 0.03, 57.42 ± 0.12, 47.39 ± 
0.35, 41.36 ± 0.71 and 29.15 ± 0.22 percent inhibition at 
1000, 500, 250, 125 and 62.5 μg/mL concentrations respec-
tively with IC50 of 277.91 μg/mL in comparison to galanta-
mine (positive control), whose IC50 value was 21.30 μg/mL. 
 Free radicals are linked with numerous human diseases, 
such as cancer, arthritis, CNS damage, and neurodegenera-
tive disorders [35]. The body produces these free radicals 
during the metabolic processes, but these radicals are scav-
enged by antioxidants in the body such as glutathione-
reductase, catalase and hydroxylase. When there is a deple-
tion of immune system antioxidants in the body or in im-
munocompromised individuals, these radicals cause harm to 
proteins, nucleic acids, and enzymes, leading to the genera-
tion of oncogenes. Neurons are more vulnerable to oxidation 
because of more oxygen consumption. Due to oxidations in 
the brain, there is an increased level of abnormal proteins, 

lipids, carbohydrates, and DNA, especially in those areas 
that have high Aβ concentrations [36]. Oxidative stress also 
upregulates proinflammatory cytokines and causes perma-
nent DNA damage [37]. Both synthetic and natural antioxi-
dants are available, which protect the immune system from 
the injuries of oxidation [38, 39]. A few of the synthesized 
antioxidants, like gallic acid, tertiary butylated hydroqui-
none, butylated hydroxyanisole (BHA), and butylated hy-
droxytoluene (BHT), are used, but they have many side ef-
fects. Conversely, natural antioxidants have fewer side ef-
fects and are considered safer alternatives, such as resvera-
trol, quercetin and epigallocatechin-3-gallate (EGCG) [40-
42]. In our current study, isoeugenol was effective against 
both DPPH/ABTS radicals with an IC50 of 38.97 μg/mL. Our 
compound was considerably effective against ABTS radicals 
with IC50 of 43.76 μg/mL. So, this natural antioxidant having 
cholinesterase inhibitory potentials might be useful in the 
management of neurodegenerative diseases. 
 In-silico modeling of the potential compounds against the 
active binding site of the target protein is among the key 
aspects during the preliminary stages of drug discovery [43, 
44]. Molecular docking provides useful information about 
the binding energy of the compounds against the target sites 
and hence provides information about their binding affinity 
with the biological targets [45, 46]. It helps researchers to 
sort potential bioactive compounds among huge lots of mol-
ecules, thus saving precious time and energy and reducing 
research expenditures. In-vitro enzyme inhibition assays, 
coupled with molecular docking studies, help researchers 
select compounds for details animal studies on rational 
grounds. Keeping the same in mind, after in-vitro evaluation 
of isoeugenol against free radicals and AChE/BChE en-
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zymes, molecular docking studies were performed. We ob-
served that isoeugenol was effectively accommodated at the 
target site of the enzymes with docking score = -12.2390 for 
AChE forming two hydrogen bonds. Further, it was bound 
with BChE via two arene-hydrogen interactions and one hy-
drogen bond and exhibited a docking score of -10.1632. The 
binding energy indicates considerable affinity of the isoeu-
genol with both enzymes.  
 In neuroscience, scopolamine is mostly utilized to induce 
memories and cognitive impairments in experimental models 
(such as rodents) because it can easily cross the blood-brain 
barrier. In AD studies, scopolamine can cause cholinergic 
dysfunction and also increase amyloid-β deposition between 
the neurons; both are the hallmark pathological pathways of 
AD. Therefore, the use of scopolamine in AD research is 
significant in identifying new ways of treating the disease 
[47]. Several behavioral models were used to evaluate the 
mice's response to treatment upon induction of amnesia in 
mice. The SWM apparatus is used to evaluate the learning 
ability and cognitive functions of mice. The apparatus com-
prised of white base and transparent walls. The walls contain 
eight exits, of which one exit was kept open while the rest 
were closed with plastic plugs. The base of the pool is pro-
vided with shallow water of about 2 cm, which serves as a 
stimulus for mice. At the end of the training session and 
treatment with isoeugenol, we concluded that the escape 
latency was close to the latency of galantamine and gradual 
improvement in memories was observed from day 1 to day 7. 
In the case of the Y maze test, isoeugenol has significantly 
improved the short-term memory and cognitive functions of 
mice, which is comparable to the behavior (spontaneous al-
ternation) of mice treated with galantamine and saline [48]. 
The ability of mice to retain and recall memory was evaluat-
ed in the EPM test. We observed that the transfer latency 
time of mice treated with isoeugenol was lower than animals 
of the disease group and comparable to standard group and 
saline group results [49]. Further studies such as immuno-
histochemistry and antioxidant biomarkers analysis in the 
brain are required. 

CONCLUSION 

 In the current study, isoeugenol exhibited considerable 
cholinesterase inhibitory and antioxidant properties. The 
compound fit well in the target site of the enzymes and ex-
hibited considerable binding affinity for the target proteins. 
The antioxidant potentials coupled with cholinesterase inhib-
itory results might be very useful against dual targets of AD. 
Behavioral studies revealed the neurocognitive benefits of 
the tested samples in animal models of amnesia. Though the 
isoeugenol dose was very low in the behavioral studies as 
compared to the standard drug, considerable improvement 
was observed. Chronic neuroprotective studies at high doses 
supplemented by molecular studies are warranted to assess 
the effect of isoeugenol on amyloid proteins and tauopathies. 
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