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Abstract. Pinostrobin, a key bioactive compound found in the 
medicinal plant Boesenbergia rotunda (L.), has been noted 
for its beneficial biological properties including antioxidant, 
anti‑inflammation, anti‑cancer and anti‑amnesia activities. 
In view of this, the present study purposed to evaluate the 
neuroprotective potential of pinostrobin in reversing scopol‑
amine‑induced cognitive impairment involving oxidative stress 
and cholinergic function in rats. A total of 30 male Wistar rats 
were randomly divided into five groups (n=6): Group 1 received 
vehicle as a control, group 2 received vehicle + scopolamine 
(3 mg/kg, i.p.), group 3 received pinostrobin (20 mg/kg, p.o.) + 
scopolamine, group 4 received pinostrobin (40 mg/kg, p.o.) + 
scopolamine and group 5 received donepezil (5 mg/kg, p.o.) + 
scopolamine. Treatments were administered orally to the rats 
for 14 days. During the final 7 days of treatment, a daily injec‑
tion of scopolamine was administered. Scopolamine impaired 
learning and memory performance, as measured by the novel 
object recognition test and the Y‑maze test. Additionally, oxida‑
tive stress marker levels, acetylcholinesterase (AChE) activity, 
choline acetyltransferase (ChAT) and glutamate receptor 1 
(GluR1) expression were determined. Consequently, the find‑
ings demonstrated that the administration of pinostrobin (20 
and 40 mg/kg) markedly improved cognitive function as indi‑
cated by an increase in recognition index and by spontaneous 
alternation behaviour. Pinostrobin also modulated the levels 
of oxidative stress by causing a decrease in malondialdehyde 

levels accompanied by increases in superoxide dismutase 
and glutathione activities. Similarly, pinostrobin markedly 
enhanced cholinergic function by decreasing AChE activity 
and promoting ChAT immunoreactivity in the hippocampus. 
Additionally, the reduction in GluR1 expression due to 
scopolamine was diminished by treatment with pinostrobin. 
The findings indicated that pinostrobin exhibited a significant 
restoration of scopolamine‑induced memory impairment by 
regulating oxidative stress and cholinergic system function. 
Thus, pinostrobin could serve as a potential therapeutic agent 
for the management of neurodegenerative diseases such as 
Alzheimer's disease.

Introduction

Due to the progressive increase in the number of patients with 
Alzheimer's disease (AD), which is currently estimated to be 
more than 46 million individuals worldwide, AD has become 
a significant concern for the elderly population (1). AD stands 
as the primary condition associated with cognitive dysfunc‑
tion, language difficulties and alterations in personality (2,3). 
A key neuropathological characteristic linked to AD symp‑
toms is the presence of senile plaques and neurofibrillary 
tangles, which are significant indicators of neuronal loss. 
Additionally, various mechanisms have been investigated to 
further explain the pathogenesis of AD, including cholinergic 
dysfunction, oxidative damage, deposits of amyloid beta (Aβ), 
hyperphosphorylation of tau protein and the aggregation of 
senile plaques (4,5).

The central cholinergic system plays a vital role in memory 
processing whereby the loss of the cholinergic neurons, 
neurotransmitters and their receptors results in learning and 
memory impairment (6,7). Cholinergic dysfunction is caused 
by an elevation of acetylcholinesterase (AChE) activity and a 
reduction in acetylcholine (ACh) concentration in the brain, 
which are the main drivers of cognitive impairment (8). 
Scopolamine has been widely used in in vivo models to evaluate 
potential agents for the treatment of dementia (9). Scopolamine, 
which acts as a blocker of the muscarinic cholinergic receptor, 
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leads to cognitive dysfunction by reducing cholinergic 
neurotransmission and heightening oxidative stress in the 
brain (10,11). Furthermore, scopolamine leads to the shrinking 
of neuronal cells and initiates degenerative alterations within 
the hippocampus (12).

Glutamate is the major fast‑excitatory neurotransmitter 
in the hippocampal network and is essential for learning 
and memory. Dysfunctions in this system are considered 
to be causally linked to neurodegenerative disorders (13). 
Glutamate receptor subunit 1 (GluR1) is one of the four 
subunits of α‑amino‑3‑hydroxy‑5‑methyl‑4‑isoxazolepropi
onic acid (AMPA) receptors, which are critical for synaptic 
plasticity and learning processes (14). Notably, a reduction in 
GluR1 is observed in the hippocampal formation of patients 
with AD, resulting in impaired synaptic transmission and 
potentially contributing to cognitive dysfunction (15). 
Additionally, several animal studies have shown that 
decreased expression of GluR1 in the hippocampus may 
be associated with learning and memory deficits (16,17). 
Therefore, acetylcholine and glutamate are now recognised 
as key contributors to memory processes.

Emerging evidence indicates that the interactions between 
these neurotransmitters may be crucial for certain memory 
types, with acetylcholine particularly facilitating glutamate 
activity by coordinating the acquisition and recall phases in the 
cortex and hippocampus (18). Glutamatergic neurotransmis‑
sion, through the AMPA receptor and the N‑methyl d‑aspartate 
(NMDA) receptor, induces long‑term potentiation (LTP), 
which strengthens synapses with repeated use and is essential 
for learning and memory. Besides glutamatergic mechanisms, 
acetylcholine and its receptors markedly contribute to both 
the induction and maintenance of LTP (19). Thus, medications 
capable of enhancing cholinergic transmission while miti‑
gating oxidative stress may potentially reverse memory deficits 
induced by scopolamine (20). Currently, existing medications 
can only provide temporary alleviation from AD symptoms, 
which is accompanied by adverse effects. Hence, there is an 
imperative need to develop natural compounds for an effective 
treatment against AD.

Pinostrobin (5‑hydroxy‑7‑methoxy flavanone) is a substi‑
tuted flavonoid isolated from Boesenbergia rotunda (L.), that 
has been identified as the main active ingredient responsible for 
its pharmacological properties, including antioxidant (21,22), 
anti‑inflammatory (23,24) and anti‑apoptotic (25) activities. 
In addition, our previous findings showed that pinostrobin 
exerts protective effects against chronic restraint stress and 
nerve crush injury (26,27). Nevertheless, the potential of 
using pinostrobin to improve scopolamine‑induced cognitive 
impairment has not yet been examined. Thus, the present study 
was conducted to explore whether pinostrobin could mitigate 
memory impairment in this model. It also investigated whether 
pinostrobin could enhance the function of the cholinergic and 
glutamatergic systems.

Materials and methods

Chemicals. Scopolamine used in the present study was 
obtained from (cat. no. S1875; MilliporeSigma). Donepezil 
(Aricept® 10 mg tablet) was purchased from the Eisai Co., 
Ltd.). Scopolamine was dissolved in 0.9% sodium chloride 

(NaCl) and administered by i.p. injection to rats (3 mg/kg) as 
described in a previous study (28). Donepezil was dissolved in 
water and orally administered at a dose of 5 mg/kg in accor‑
dance with an established report (29).

Isolation of pinostrobin. The preparation and structural char‑
acterisation of pinostrobin (the purity of which was determined 
by NMR analysis) was described in our previous study (26). 
Briefly, fresh rhizomes of B. rotunda were purchased from a 
market in Phayao, Thailand. A plant specimen was authen‑
ticated by the Walai Rukhavej Botanical Research Institute, 
Mahasarakham University, MahaSarakham, Thailand (No. S. 
Sedlak 19‑1). The ethanolic crude extract (251 g) was dissolved 
in methanol and then subjected to open column chromatog‑
raphy (Arch. No. 7734, pore size Å, particle size 70‑230 mesh, 
Merck), using silica gel as the absorbent. The column was 
washed with a gradient of dichloromethane‑hexane mixture 
for separation. Fractions exhibiting similar patterns, as deter‑
mined by thin‑layer chromatography analysis, were combined 
and recrystallised with methanol to yield pinostrobin. 
Structural analysis was conducted using 13C‑ and 1H‑NMR 
spectroscopy (Bruker Avance DRX 500 Spectrometer; Bruker 
Corporation) and the NMR spectra were compared with the 
existing literature for identification as follow: 1H NMR (500 
MHz, acetone‑d6): 2.80 (dd, J=17.2, 3.0 Hz; 1H, H‑3a), 3.06 
(dd, J=17.2, 13.0 Hz; 1H, H‑3b), 3.79 (s, 3H; ‑OCH3), 5.39 (dd, 
J=13.0, 3.0 Hz; 1H, H‑2), 6.06 (m, 2H, H‑6, H‑8), 7.41 (m, 5H; 
H‑2', H‑3', H‑3', H‑5', H‑6'). 13C NMR (150 MHz, acetone‑d6): 
43.1 (C‑3), 55.7 (C‑7‑OCH3), 79.2 (C‑2), 94.3 (C‑8), 95.1 
(C‑6), 103.1 (C‑10), 126.1 (C‑2', C‑3', C‑5', C‑6'), 128.9 (C‑4'), 
138.4 (C‑1'), 162.8 (C‑5), 164.1 (C‑9), 167.9 (C‑7), 195.8 (C‑4). 
(Central Science Laboratory, Faculty of Science, Chiang Mai 
University, Thailand).

Experimental animals and treatments. A total of 30 male 
Wistar rats (aged 8 weeks and weighing 220‑250 g) were 
obtained from Nomura Siam International. The rats were 
allowed a week for acclimation prior to the commencement of 
the experiments. All experimental procedures were conducted 
under a 12‑h light/dark cycle with standard chow and water 
available ad libitum in a room with a constant temperature 
(21±1˚C) and humidity (35‑60%). All experiments were 
approved by the Ethics Committee of the Laboratory Animal 
Research Center, University of Phayao, Thailand (approval 
no. 640104029). All rats were randomly divided into five 
groups (6 rats per group) as follows: group 1 received vehicle 
as control, group 2 received vehicle + scopolamine (3 mg/kg, 
i.p.), group 3 received pinostrobin (20 mg/kg, p.o.) + scopol‑
amine, group 4 received pinostrobin (40 mg/kg, p.o.) + 
scopolamine and group 5 received donepezil (5 mg/kg, p.o.) + 
scopolamine. The animals were administered 1% carboxy‑
methylcellulose (cat. no. 21904; MilliporeSigma), which was 
used as the vehicle or pinostrobin (at doses of 20 or 40 mg/kg) 
or donepezil (5 mg/kg) via oral gavage daily for 14 days. 
During the final 7 days of treatment, a daily intraperitoneal 
injection of scopolamine (3 mg/kg) was administered. The 
cognitive performance of all animals was assessed by using 
the novel object recognition test (NORT) and the Y‑maze test 
on day 0 for baseline data and on day 13 and 14 to identify 
treatment effects (Fig. 1).
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Tissue preparation. At the end of the experimental period, all 
animals were anesthetised using thiopental sodium (70 mg/kg) 
and transcardially perfused with 0.1 M PBS for the evaluation 
of biochemical and immunohistochemical parameters. The 
brains (n=30) were immediately collected and separated into 
two hemispheres. The left hemisphere of the hippocampus was 
isolated and homogenised in Tris‑buffer (50 mM Tris‑HCl, 
150 mM NaCl, 1% Triton X‑100, protease inhibitor, pH 7.4). 
After centrifugation at 9,279 x g at 4˚C for 15 min, the super‑
natant was stored at ‑80˚C for later biochemical evaluation. The 
right hemisphere was fixed with ice‑cold 4% paraformaldehyde 
for 24 h and cryopreserved in 30% sucrose for later immunohis‑
tochemistry analysis. The brains were cut into 30 µm sections 
using a Leica CM1950 cryostat (Leica Microsystems GmbH) 
and stored in an anti‑freeze solution (4˚C).

Total protein concentration. The protein concentrations were 
determined using the method of Lowry (30). Bovine serum 
albumin (BSA; cat. no. 9048‑46‑8; MilliporeSigma) was 
used as a standard and protein concentrations were expressed 
as mg/ml.

Biochemical analysis
Measurement of the lipid peroxidation product. Estimation 
of the malondialdehyde (MDA) concentration was performed 
according to the protocol previously described (31,32) with 
some modifications. The absorbance was measured at 532 nm 
using a microplate reader (Synergy H1; BioTek; Agilent 
Technologies, Inc.). The results were presented as µmol/mg 
protein.

Measurement of superoxide dismutase (SOD) activity. The 
activity of SOD was examined by commercial assay kit (cat. 
no. S19160; MilliporeSigma) according to the manufacturer's 
instructions. The SOD activity was measured from the curve 
of the standard solution and expressed as U/mg protein.

Measurement of reduced glutathione (GSH). A reduced GSH 
assay was investigated according to the method described by 

Polycarp et al (33) and Srdjenovic et al (32). The absorbance 
of each sample mixture was determined at 412 nm. The result 
was expressed as µmol/mg protein.

Measurement of acetylcholinesterase (AChE) activity. The 
activity of AChE, which is responsible for the degradation 
of acetylcholine in tissue samples, was determined using 
a commercial acetylcholinesterase colorimetric kit (cat. 
no. ab138871; Abcam). The assay was performed according to 
the manufacturer's instructions and the activity was measured 
from the curve of the standard solution. The activity was 
expressed as U/mg protein.

Immunohistochemical staining. To accomplish immunohis‑
tochemistry staining, the free‑floating sections were washed 
and treated in H2O2 followed by blocking solution (5% normal 
horse serum in 0.1 M PBS) (cat. no. 16050130; Gibco; Thermo 
Fisher Scientific). Subsequently, sections were incubated with 
the primary antibody, which was rabbit anti‑choline acetyl‑
transferase (ChAT; 1:100; cat. no. AB143; MilliporeSigma) 
or anti‑glutamate receptor 1 (GluR1; 1:200; cat. no. AB1504; 
MilliporeSigma) at 4˚C overnight. The sections were washed 
in 0.1 M PBS for 30 min and incubated for 2 h at room 
temperature with biotinylated donkey anti‑rabbit antibody (cat. 
no. 711‑065‑152; 1:500; Jackson ImmunoResearch Europe, 
Ltd.). The sections were rinsed in 0.1 M PBS followed by 
1 h of incubation in extravidin peroxidase (1:1,000) and then 
visualized using the 3,3'‑diaminobenzidine (DAB) reaction as 
previously described (34). For immunohistochemistry evalua‑
tion, hippocampal images (six images per group) of subregion 
cornu ammonis 1 (CA1), cornu ammonis 2 (CA2), cornu 
ammonis 3 (CA3) and dentate gyrus (DG) were captured at 
40x magnification using a Ni‑U upright microscope (Nikon 
Corporation) with NIS Element Imaging Software version 
5 (Nikon Corporation). The hippocampus is composed of 
various subregions: CA1, CA2, CA3 and the DG. Based on the 
basic anatomical organisation of the hippocampal formation 
and on the morphological and connectivity differences, ChAT 
and GluR1 immunostaining was analysed in the pyramidal 

Figure 1. Schematic representation of the experimental design.
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layer of CA1, CA2 and CA3 subregions and the granular layer 
of DG.

Evaluation of ChAT and GluR1 immunostaining. The quan‑
titative immunoreactivity of the ChAT and GluR1 proteins 
within the hippocampus were determined using the thresh‑
olding function of Image J software (v1.53; National Institutes 
of Health). Image thresholding is a commonly utilised method 
for quantitatively assessing changes in immunolabelled mate‑
rials, as previously documented (35). The data are presented as 
the percentage of labelling area (% immunoreactivity).

Behavioural studies
NORT. The experimental process used to assess recognition 
memory was the same as that described in our previous 
study (26). One day prior to the experiment, the rats were 
allowed to explore the empty open field for 5 min. On the 
experiment day, during the training phase, two identical objects 
(A1 and A2) were placed in two corners of the open field. Each 
rat was placed in the middle of the open field and allowed to 
freely explore these two identical objects for 5 min. After 4 h 
of post‑training phase, one old object was replaced by a new 
object (B) and the rat was left to inspect the two objects for 
5 min. The open field was cleaned with 70% ethanol before the 
next rat was tested to avoid affecting subsequent test results. 
The percentage of recognition index (RI) was calculated using 
a formula as previously described (36).

Y‑maze test. The Y‑maze test was performed to measure 
working memory related to the hippocampus in animals 
according to the instructions in our previous work (26). The 
maze was Y‑shaped with three arms that were designated as 
regions A, B and C. A single rat was placed at one of three 
enclosed arms for free exploration for a total of 8 min. A 
spontaneous alternation occurred when an animal entered 
all three arms in a sequence of three consecutive entries. The 
maze was cleaned with 70% ethanol to avoid affecting subse‑
quent sessions. The percentage of spontaneous alternation was 
considered to indicate working memory and was computed 
according to the previous study (37) as follows: 

Statistical analysis. GraphPad Prism version 9 (Dotmatics) 
was used to analyse the data. Statistical analysis was performed 
using the one‑way ANOVA test, followed by Tukey's post‑hoc 
test for multiple comparisons. Data are expressed as the 
mean ± SEM. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Pinostrobin reverses scopolamine‑induced memory 
impairment in the NORT and Y‑maze test. The NORT was 
used to measure whether pinostrobin could restore scopol‑
amine‑induced recognition deficit. The scopolamine‑treated 

group demonstrated a reduction in RI by decreased preference 
for the novel object compared with the control group (P<0.01). 
However, the administration of pinostrobin (20 or 40 mg/kg) 
or donepezil notably enhanced recognition memory compared 
with the scopolamine‑treated group (P<0.05). Moreover, the 
scopolamine‑treated group showed a significant memory 
deficit by their decreased percentage of spontaneous alterna‑
tion in the Y‑maze test compared with that of the control group 
(P<0.01). However, oral administration of pinostrobin (20 or 
40 mg/kg) markedly improved the cognitive performance 
as compared with the scopolamine‑treated group (P<0.05). 
Under the same conditions, the standard drug donepezil also 
showed a reversal of the scopolamine‑induced cognitive 
impairment seen in the scopolamine‑treated group (P<0.01) 
as shown in Fig. 2.

Pinostrobin modulates scopolamine‑induced disruption of 
oxidative stress and antioxidant defence in the hippocampus. 
Fig. 3 shows the results for oxidative stress and antioxidant 
markers in the hippocampus. In the scopolamine‑induced 
group, the level of MDA, which is a key product of lipid 
peroxidation, was markedly higher than that in the control 
group (P<0.001). Furthermore, both pinostrobin at a dose of 
40 mg/kg and donepezil exhibited significant reductions in 
the MDA levels when compared with the scopolamine‑treated 
group (P<0.05; Fig. 3A). In addition, the activities of scavenging 
enzymes, including SOD and GSH, were examined. Notably, 
there was a significant decrease in the activities of SOD in the 
scopolamine‑treated group compared with the control group 
(P<0.001), whereas treatment with of pinostrobin or donepezil 
resulted in a noticeable increase in SOD activity as compared 
with the scopolamine‑treated group (PB 20 mg/kg, P<0.05; 
PB 40 mg/kg, P<0.01; DNP, P<0.001; Fig. 3B). Moreover, 
treatment with pinostrobin at a high dose (40 mg/kg) or with 
donepezil markedly reversed the scopolamine‑induced reduc‑
tion of GSH activity in the hippocampus as compared with 
the scopolamine‑treated group (PB 40 mg/kg, P<0.05; DNP, 
P<0.01; Fig. 3C).

Pinostrobin attenuates scopolamine‑induced AChE hyper‑
activation in the hippocampus. To evaluate the effect of 
pinostrobin on cholinergic function, the AChE enzymatic 
activity in the hippocampus was also determined. As illus‑
trated in Fig. 4, compared with the control group, the levels 
of AChE in the hippocampus were significantly increased in 
the scopolamine‑induced group (P<0.01). Importantly, the 
administration of pinostrobin (20 or 40 mg/kg) or donepezil 
significantly suppressed the scopolamine‑induced overactiva‑
tion of AChE activity in the hippocampus when compared 
with the scopolamine‑treated group (PB 20 mg/kg, P<0.01; 
PB 40 mg/kg, P<0.001; DNP, P<0.001).

Pinostrobin attenuates scopolamine‑induced alteration 
of ChAT expression in the hippocampus. To investigate 
whether pinostrobin affected the neural response in scopol‑
amine‑injected rats, ChAT expression was determined in the 
hippocampus using immunohistochemistry as shown in Fig. 5. 
The scopolamine‑treated group significantly decreased the 
expression of ChAT in all subregions of the hippocampus 
(CA1, P<0.05; CA2, CA3 and DG, P<0.001) compared with 
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the control group. Markedly, treatment with pinostrobin at 
a dose of 20 mg/kg significantly suppressed the decrease of 
ChAT immunoreactivity in CA3 and DG of the hippocampus 

compared with the scopolamine‑treated group (CA3; P<0.05, 
DG; P<0.01). More notably, pinostrobin at a high dose 
(40 mg/kg) markedly inhibited the reduction of ChAT expres‑
sion in all subregions of the hippocampus (CA1, CA2 and CA3; 
P<0.05, DG; P<0.001), which was similar to that observed in 
the donepezil group (CA1; P<0.05, CA2; P<0.01, CA3; P<0.05, 
DG; P<0.001) compared with the scopolamine‑treated group.

Pinostrobin attenuates scopolamine‑induced alteration of 
GluR1 expression in the hippocampus. With regard to the 
effect of pinostrobin on the activity of glutamate receptors 
in scopolamine‑treated rats, the expression of GluR1 in the 
hippocampus was further determined using immunohisto‑
chemistry analysis as shown in Fig. 6. A reduction in GluR1 
expression in the scopolamine‑treated group was observed in 
all subregions of the hippocampus compared with the control 
group (P<0.001). Markedly, treatments with pinostrobin 
(20 or 40 mg/kg) significantly enhanced the expression of 
GluR1 compared with the scopolamine‑treated group (PB 
20 mg/kg, CA1, P<0.05; CA2, P<0.01; CA3, P<0.001; DG, 
P<0.01; PB 40 mg/kg, CA1, CA2 and CA3, P<0.001; DG; 
P<0.01). Moreover, these changes were potentially reversed 
by treatment with the AChE inhibitor donepezil (CA1 and 

Figure 2. PB reverses SCP‑induced memory impairment in the NORT and Y‑maze test. Graphs showed the recognition index assessed by NORT and the 
percentage of spontaneous alternation using Y‑maze test. Data are expressed as the mean ± SEM. ##P<0.01 vs. the control group; *P<0.05, **P<0.01 vs. the 
SCP‑treated group. PB, pinostrobin; SCP, scopolamine; NORT, novel object recognition test; CON, control; DNP, donepezil.

Figure 3. PB modulates SCP‑induced oxidative stress indicators in the hippocampus. Graphs exhibit the (A) MDA level, (B) SOD activity and (C) reduced GSH 
activity. Data are expressed as the mean ± SEM. ###P<0.001 vs. the control group; *P<0.05, **P<0.01, ***P<0.001 vs. the SCP‑treated group. PB, pinostrobin; SCP, 
scopolamine; MDA, malondialdehyde; SOD, superoxide dismutase; GSH, reduced glutathione; CON, control; DNP, donepezil.

Figure 4. PB attenuates SCP‑induced AChE hyperactivation in the 
hippocampus. Data are expressed as the mean ± SEM. ###P<0.001 vs. the 
control group; **P<0.01, ***P<0.001 vs. the scopolamine‑treated group. PB, 
pinostrobin; SCP, scopolamine; AChE, acetylcholinesterase; CON, control; 
DNP, donepezil.
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CA2, P<0.01; CA3 and DG, P<0.001), compared with the 
scopolamine‑treated group.

Discussion

The present study demonstrated for the first time, to the best of 
the authors' knowledge, that pinostrobin, one of the core active 
compounds of Boesenbergia rotunda, probably attenuates 
memory impairment by the regulation of the oxidative stress 
and cholinergic system in an animal model of AD induced 
by scopolamine. Scopolamine is a muscarinic acetylcholine 
receptor antagonist, which induces cognitive impairment (38). 
Scopolamine has been shown to cause surges of oxidative 
stress including increased reactive oxygen species (ROS) 
production in the cortex and the hippocampus (39). Several 
behavioural tasks have been tentatively used to examine 
learning and memory performance in scopolamine models, 
including the Morris water maze test, novel objective recogni‑
tion test, passive avoidance test and Y‑maze test (8,10,29). In 
the current study, the NORT and Y‑maze test were selected 
to probe the effects of pinostrobin on scopolamine‑induced 
memory impairment. From a pragmatic standpoint, both the 
NORT and Y‑maze test proved highly effective, demanding 
minimal, brief training. The NORT is considered to be 
a consistent behavioural model based on the time spent 

exploring new objects that appraises recognition memory (36). 
Recognition memory is a form of sporadic memory that is 
regularly observed to be declining during aging in humans 
and in patients with AD (40). The Y‑maze test is a foundation 
model for evaluating working memory impairment, which is 
based on the willingness of animals to explore new environ‑
ments (41). Therefore, controlled animals desire to explore 
a new arm of the maze rather than the one they have previ‑
ously visited. The results of the present study demonstrated 
that scopolamine‑treated rats illustrated a significant memory 
deficit by decreasing the percentages of RI in the NORT and 
spontaneous alternation in the Y‑maze test. These observations 
align with several previous findings (10,42,43). Unexpectedly, 
treatment of rats with pinostrobin notably enhanced the cogni‑
tive performance that had been impaired by the injection of 
scopolamine. Additionally, to assess the neuroprotective 
mechanisms of pinostrobin against scopolamine‑induced 
cognitive impairment, the effects of pinostrobin on the related 
changes in oxidative stress markers and cholinergic activity 
were investigated. Oxidative stress can occur when there is 
excessive production of ROS under various conditions and it 
contributes to the pathogenesis of several neurodegenerative 
disorders such as AD (32,44). Studies have demonstrated 
that scopolamine‑induced memory impairment is associ‑
ated with increased oxidative stress within the brain (45,46). 

Figure 5. PB attenuates SCP‑induced alteration of ChAT expression in the hippocampus. Representative photomicrographs showed ChAT expression 
measured by a percentage of immunoreactivity in CA1, CA2, CA3 and DG of the hippocampus. Scale bar, 50 µm; magnification, x40. Data are expressed 
as the mean ± SEM. ##P<0.01, ###P<0.001 vs. the control group; *P<0.05, **P<0.01, ***P<0.001 vs. the scopolamine‑treated group. PB, pinostrobin; SCP, 
scopolamine; ChAT, choline acetyltransferase; CA1, cornu ammonis 1; CA2, cornu ammonis 2; CA3, cornu ammonis 3; DG, dentate gyrus; CON, control; 
DNP, donepezil.
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Scopolamine administration decreases the activity of SOD, 
catalase, glutathione s‑transferase and glutathione peroxidase 
(GPx) (47) and it also increases the level of MDA, a marker 
of lipid peroxidation (48). Thus, oxidative stress appears to be 
a pivotal factor in cognitive decline induced by scopolamine. 
Furthermore, the present study showed a significant increase 
in the hippocampal MDA concentration that was observed 
after scopolamine injection. Similarly, it has been reported 
that the administration of scopolamine for 7 days increased 
the levels of MDA in the brains of mice (11). Moreover, 
scopolamine has been associated with elevated Aβ accumula‑
tion and heightened oxidative stress within the hippocampus 
of rats (49). Aβ‑mediated oxidative stress can cause metabolic 
alterations in the brain, such as lipid peroxidation and ROS 
production (50) leading to synaptic loss and cognitive dysfunc‑
tion (51). Moreover, previous studies have indicated that 
injection of scopolamine causes oxidative stress by decreasing 
the activities of antioxidant enzymes (SOD or GPx) and 
increasing lipid peroxidation in the brain (52,53). These find‑
ings are consistent with the present results; the activities of SOD 
and GSH were markedly decreased in the scopolamine‑treated 
group. Alternatively, treatment with pinostrobin or donepezil 
markedly reversed the scopolamine‑induced increase in 
MDA concentration. Furthermore, the reduced activities of 
SOD and GSH in the hippocampus were markedly increased 
by pinostrobin. Therefore, the present results indicated that 

pinostrobin might help to alleviate scopolamine‑induced 
memory deficits by reducing oxidative stress.

Cognitive function is linked to the cholinergic system 
and acetylcholine, a neurotransmitter that is widely spread 
across the nervous system and plays a vital role in memory 
and learning processes (54). Acetylcholine is degraded in the 
synaptic cleft by AChE, which converts it to acetic acid and 
choline. Excessive activation of AChE activity can lead to a 
shortage of ACh and cognitive dysfunction (10). Studies have 
demonstrated that scopolamine injection enhances the level 
of AChE (55,56). An elevated level of AChE metabolises 
more acetylcholine and decreases its level in the synapses and 
then disturbs cholinergic neurotransmission, which results 
in memory impairment (8). A previous study suggested that 
inhibitors of AChE can potentially reverse memory deficit 
induced by scopolamine (57). However, the precise mechanism 
of increased AChE activity by scopolamine remains to be 
elucidated. Some evidence suggests that scopolamine‑induced 
oxidative stress may act as a potential mechanism for increasing 
AChE activity that results in cognitive impairment (42,58). The 
present results demonstrated that the significant dysfunction of 
the cholinergic system was observed in scopolamine‑treated 
rats was accompanied by an increase in AChE activity in the 
hippocampus along with memory impairment, which is in 
accordance with previous studies (28,59). However, treatment 
with pinostrobin and donepezil significantly decreased AChE 

Figure 6. PB attenuates SCP‑induced alteration of GluR1 expression in the hippocampus. Representative photomicrographs showed GluR1 expression repre‑
sented by a percentage of immunoreactivity in CA1, CA2, CA3 and DG of the hippocampus. Scale bar, 50 µm; magnification, x40. Data are expressed as the 
mean ± SEM. ###P<0.001 vs. the control group; *P<0.05, **P<0.01, ***P<0.001 vs. the scopolamine‑treated group. PB, pinostrobin; SCP, scopolamine; GluR1, 
glutamate receptor 1; CA1, cornu ammonis 1; CA2, cornu ammonis 2; CA3, cornu ammonis 3; DG, dentate gyrus; CON, control; DNP, donepezil.
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activity in the hippocampus. Furthermore, ChAT, the enzyme 
responsible for acetylcholine biosynthesis, is one of the most 
explicit markers for examining the functional state of cholin‑
ergic neurons in the central nervous system (60). Studies have 
indicated that scopolamine leads to reduced ChAT activity, 
which is associated with dementia (8,61). Hence, the present 
study aimed to determine cholinergic function by evaluating 
the expression of ChAT in the hippocampal CA1, CA2, CA3 
and DG regions. The immunohistochemistry results revealed 
that the scopolamine‑treated group showed a significant 
reduction in ChAT expression in all subregions of the hippo‑
campus. These results are consistent with previous research 
that demonstrate a reduction in ChAT expression in the CA3 
region of the hippocampus following scopolamine administra‑
tion (62). Similarly, a 7‑day regimen of scopolamine injections 
(3 mg/kg) markedly decreased ChAT expression in the CA1, 
CA3 and DG regions of the hippocampus (63). However, 
supplementation with pinostrobin at a low dose (20 mg/kg) 
markedly enhanced the function of ChAT in the hippocampal 
CA3 and DG. In addition, a high dose of pinostrobin (40 mg/kg) 
or of donepezil markedly restored the downregulation of 
hippocampal ChAT expression in all subregions. Accordingly, 
the modulation of the cholinergic activity was counteracted by 
pinostrobin, suggesting that it could play a significant role in 
restoring cognitive function.

Furthermore, the glutamatergic system also plays a 
crucial role in cognitive function and working memory in 
various brain areas such as the prefrontal cortex and the 
hippocampus (64,65). The Schaffer collateral pathway is a key 
neural route in the hippocampus, particularly in the CA1 area. 
It consists of axons from pyramidal neurons in the CA3 region 
projecting to pyramidal neurons in the CA1 region. Glutamate 
is essential for the normal functioning of the Schaffer collat‑
eral pathway in the hippocampus, mediating fast synaptic 
transmission through AMPA receptors and synaptic plasticity 
through NMDA receptors. This relationship is fundamental 
for processes such as learning and memory (66). The function 
of AMPA receptors (AMPARs) is important for synaptic plas‑
ticity and fundamental circuit of memory and learning (67). 
The cellular trafficking, synaptic anchoring and overall func‑
tion of AMPARs are influenced by the specific subunits that 
make up the core ion channel, which is a tetramer composed 
of GluA1‑GluA4 subunits (also known as GluR1‑GluR4). 
The activity of AMPARs is dependent on neuronal activity. 
Consequently, a model that specifies subunit‑dependent traf‑
ficking of AMPARs has been suggested and LTP is considered 
to require sequences or domains of the GluA1 subunit (68). 
Alterations in the number and function of AMPARs are crucial 
for synaptic plasticity and the cognitive decline associated 
with ageing. AMPARs are highly dynamic proteins, which are 
precisely regulated through processes of trafficking, recycling, 
degradation and replacement (69).

Studies have reported the involvement of hippocampal 
NMDA receptors in the learning and memory process (70,71). 
However, the critical role of AMPA receptors in cognitive 
function within the hippocampus, particularly in neurodegen‑
erative animal models, has not been well evaluated. Therefore, 
the purpose of the present study was to investigate the 
function of glutamatergic AMPARs following scopolamine 
administration. The present study revealed that scopolamine 

injection markedly reduced GluR1 expression within the 
hippocampus. A previous study indicated that a decrease in 
GluA1 expression may contribute to cognitive deficits associ‑
ated with ketamine‑induced neurotoxicity (16). However, the 
present findings demonstrated that pinostrobin and donepezil 
treatment substantially increased GluR1 expression in the 
hippocampus of rats treated with scopolamine. Although the 
alleviating effect of pinostrobin has been determined against 
oxidative stress, cholinergic and glutamatergic dysfunction 
related to memory impairment induced by scopolamine in 
adult male rats, further investigations are recommended 
to verify the molecular mechanisms of pinostrobin against 
scopolamine‑induced memory deficit involved in cholinergic, 
glutamatergic and inflammatory signalling pathways.

Pinostrobin demonstrates neuroprotective effects by 
mitigating cognitive impairment, decreasing oxidative stress 
and enhancing neuronal density and astrocyte function in 
the hippocampus (26,72). Although previous studies have not 
detailed the exact mechanism by which pinostrobin crosses 
the blood‑brain barrier, its pharmacological properties, such 
as antioxidant and anti‑inflammatory effects, suggest that it 
may interact with transporters or mechanisms that facilitate 
this process (73). Moreover, molecular dynamics simulations 
have shown that pinostrobin can form inclusion complexes 
with beta‑cyclodextrin derivatives, potentially improving 
its stability and solubility for enhanced bioavailability and 
transport across biological barriers, including the blood‑brain 
barrier (74). Although not explicitly studied for pinostrobin, 
other flavonoids such as pinocembrin are known to interact 
with transporters such as P‑glycoprotein (P‑gp) and multidrug 
resistance proteins, which could potentially play a role in 
the transport of pinostrobin (75). However, further research 
is needed to elucidate the specific transport mechanisms 
or interactions that enable pinostrobin's penetration of the 
blood‑brain barrier, which would deepen our understanding of 
its neuroprotective effects.

A limitation of the present study was the lack of hippocampal 
NMDA receptor measurement, for an improved understanding 
of the involvement of hippocampal glutamate receptors in cogni‑
tive function associated with neurological disorders; defining 
the underlying molecular mechanisms of NMDA and AMPA 
glutamate is essential for future research. Furthermore, to 
provide more robust data on the nootropic effects of pinostrobin 
or donepezil alone on cognitive function and oxidative stress 
markers without the interference of scopolamine, future 
studies should include groups of animals that do not receive 
scopolamine treatment. The present study also provided recom‑
mendations for assessing locomotor activity by using the open 
field that may influence cognitive function. This is important for 
distinguishing between cognitive enhancements and changes in 
general activity levels. Lastly, it is further advised to use scoring 
methods for histopathological examination that are effective 
and validate for quantifying histological changes.

The current study revealed that oral administration of 
pinostrobin could improve the cognitive deficit induced in an 
AD model by scopolamine. Administration of scopolamine 
resulted in an increase in oxidative stress and AChE activity 
was potentially alleviated by the treatment with pinostrobin. 
Additionally, pinostrobin also enhanced the expression of ChAT 
and GluR1 in the hippocampus. Based on these results, the 
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present study proposes that pinostrobin may serve as a potential 
therapeutic agent for restoring memory function by affecting 
oxidative stress and cholinergic activity in the hippocampus.
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