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Background: Considering the complex pathophysiological mechanisms behind
Alzheimer’s disease (AD), a few drugs for managing related cognitive symptoms
have been approved. The phytochemical resveratrol has shown promising anti-
inflammatory and antioxidant effects in AD, but it has low bioavailability. Chemical
modification of resveratrol to its glycosylated form, polydatin (PD), significantly
increases its bioavailability and bioactivity.

Purpose: The study aimed to investigate the therapeutic potential and
mechanisms of action of PD against AD in rats.

Material andmethod: ADwas caused by an intraperitoneal (i.p.) administration of
aluminum chloride (AlCl3). Six groups of six rats each were defined as sham,
negative control (AlCl3), positive control (Donepezil), and treatments (PD 5, 10,
and 20 mg/kg, i.p.). On days 7, 8, 14, and 15, the rats’ behavioral changes were
assessed by the open field, Y-maze test, passive avoidance test, and elevated plus
maze tests. At the end of the study, the blood samples were collected to assess
the levels of glutathione (GSH), catalase (CAT), and nitrite, as well as the activity of
matrix metalloproteinases (MMPs). Furthermore, hippocampal brain tissue was
removed and used for histological investigations.

Results and discussion: The findings revealed that PD injections at three different
doses (5, 10, and 20 mg/kg) improved cognitive and other behavioral impairments.
Furthermore, PD improved the antioxidant capacity by increasingGSHandCATwhile
decreasing serumnitrite levels. PD showed anti-inflammatory effects by reducing the
activity of inflammatory MMP-9, while elevating the activity of anti-inflammatory
MMP-2. PD also modulated pathogenic changes in the hippocampal brain tissue.

Conclusion: PD alleviated cognitive and other behavioral impairments in AD rats
by enhancing antioxidant defenses and reducing neuroinflammation.
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1 Introduction

Dementia is a clinical situation defined as gradual dysfunction in
memory, behavior, language, cognitive/visuospatial function, and
personality, leading to the impairment of the ability to perform daily
tasks (Crous-Bou et al., 2017). As the most prevalent dementia
reason, Alzheimer’s disease (AD) has been a critically costly,
burdensome, and fatal disease of the 21st century (Scheltens
et al., 2021). AD is a very sophisticated and advanced
neurodegenerative condition with multiple pathophysiological
mechanisms (Querfurth and LaFerla, 2010). Amyloid beta (Aβ)
and amyloid precursor protein (APP) are transmembrane proteins
generally found in synapses. They are cleaved by α-secretase,
followed by γ-secretase, and processed and removed
appropriately in healthy non-amyloidogenic situations. Tau acts
as a microtubule-stabilizing protein in neuronal axons in the healthy
condition (Eratne et al., 2018). Extracellular Aβ plaque aggregates
and intracellular neurofibrillary tangles (NFTs), which are made of
hyperphosphorylated tau linked with microtubules, are thought to
be the histological features of AD (Goedert, 2015). Aβ pathology is
in a near interconnection with the inflammatory hypothesis in AD.
Matrix metalloproteinases (MMPs) are among the proteins
receiving increased attention for their function in
neuroinflammation and neurodegeneration. MMP-2 and MMP-9
break Aβ monomers and oligomers, causing neurotoxicity
(Iranpanah et al., 2024). AD has been related to iron
accumulation and brain iron dysregulation, which interact with
tau and Aβ pathologies, resulting in oxidative damage and reactive
oxygen species, promoting neurodegeneration. Free radical buildup
leads to synaptic dysfunction, inflammation, mitochondrial damage,
oxidative stress, neurotransmitter deficits (particularly cholinergic),
microglial activation, and, finally, neuronal death (Eratne et al.,
2018). Critical neuroprotective mechanisms of active compounds
have also been shown to be connected with antioxidant defense
mechanisms (Ishak et al., 2024). Regulation of oxidative/
antioxidative mediators (e.g., nitric oxide synthase) is also
correlated with protective effects against brain and peripheral
damage (Selamoglu-Talas et al., 2015; Sureda et al., 2023).

Substantial studies have focused on the possible involvement of
aluminum (Al) in the AD process, owing to its recognized numerous
and powerful neurotoxic effects. Al is the most common natural
neurotoxic metal to which we are exposed (Bhattacharjee et al.,
2014). As a result, identifying pharmaceuticals or natural
compounds that protect against Al-mediated neuronal cell death
is a potent method for neurodegenerative disorder prevention and
treatment (Anwar et al., 2021).

The amount of fatalities from AD has climbed dramatically
during the last 20 years, yet a cure is still unachievable. FDA-
approved therapies for AD have not demonstrated a curative impact,
but generally neither do they slow the pace of disease progression
(Singh et al., 2024). For patients with AD dementia, cholinesterase

inhibitors (e.g., physostigmine) and N-methyl-D-aspartate
(NMDA) antagonists (e.g., memantine) are approved drugs
(Mossello and Ballini, 2012). The currently authorized
medications operate on a single target, however, importance is
being given to numerous therapeutic techniques for designing
and developing treatments that can impact several targets (Athar
et al., 2021). As a result, there is a growing demand for innovative
multi-target medicines. Numerous natural chemicals derived from
edible and medicinal plants have been studied for possible
pharmacological use. Natural substances are high in polyphenolic
substances such as stilbenoids with antioxidant potentials (Fakhri
et al., 2021a). Natural stilbenes have received far less attention
(Freyssin et al., 2020). The antioxidant capacity of stilbene
polyphenols has been linked with neuroprotective mechanisms
(Sureda et al., 2023). However, several stilbenes polyphenols have
been characterized solely in terms of their in vitro actions. In
contrast, resveratrol has been extensively studied for its benefits
both in vitro and in vivo, in murine and rat models, and even in
clinical trials of AD (Witte et al., 2014; Moussa et al., 2017; Cicero
et al., 2019; Ma et al., 2019; Broderick et al., 2020). However, because
resveratrol undergoes substantial hepatic metabolism and is quickly
eliminated by the kidneys, its bioavailability is limited (Gambini
et al., 2015). Due to resveratrol’s limited bioavailability, newer
molecules like its homolog (3,4′,5-trihydroxystilbene-3-β-D-
glucoside, commonly called polydatin (PD), should be
investigated. PD, is a glucoside derivative of resveratrol. The
substitution of a hydroxyl group for a glucose unit distinguishes
it from resveratrol (Tang, 2021). PD’s putative protein targets have
been discovered. PD can penetrate the blood-brain barrier (BBB),
which is critical in the treatment of brain disorders (Pan et al., 2018;
Tang and Tan, 2019). In comparison to its counterpart, resveratrol,
research on PD’s preventive function against AD is limited (Tang,
2021). We also previously reported the neuroprotective effects of PD
amphiphilic chitosan nanocarriers in a rat model of AD (Zarneshan
et al., 2025).

This research aims to investigate the potential mechanisms of
action of PD against AD in an aluminum chloride-induced AD
rat model.

2 Materials and methods

2.1 Animals

Male Albino Wistar rats (weighing 220–250 g) were obtained
from the central animal house at Kermanshah University of Medical
Sciences (KUMS). They were kept in an environment with an ad
libitum supply of food and water, a standard light/dark cycle
(i.e., 12 h/12 h), a relative temperature of 24°C ± 2°C, and a
proper humidity (i.e., 60% ± 5%). All the experimental protocols
were done based on the guidelines of the institutional animal care
and ethics of KUMS (IR.KUMS.AEC.1401.050).

For 14 days, thirty-six rats were split up into six groups of six rats
each. The sample size was calculated using the modified resource
equation method (Arifin and Zahiruddin, 2017). The sham group
just received intraperitoneal (i.p.) saline. The negative control group
received AlCl3 (100 mg/kg, i.p.) and i.p. saline. The positive control
group received donepezil (10 mg/kg, i.p.) after AlCl3 (100 mg/kg,

Abbreviations: Aβ, amyloid beta; AD, Alzheimer’s disease; AlCl3, aluminum
chloride; BBB, blood-brain barrier; CAT, catalase; GSH, glutathione; H&E,
Hematoxylin and Eosin; i.p., intraperitoneal; ITL, initial transfer latency time;
MMPs, matrix metalloproteinase; NFTs, neurofibrillary tangles; PD, polydatin;
STL, step through latency time.
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i.p.). Groups IV, V, and VI received AlCl3 (100 mg/kg, i.p.) followed
by three doses of PD (i.e., 5, 10, and 15 mg/kg, i.p.). The animals’
behavioral analyses were all done during the study timeline. The rats
were subsequently sacrificed, and blood samples were used tomeasure
serum levels of nitrite, glutathione (GSH), and catalase (CAT). In
addition, the activity of MMP-2 and MMP-9 was measured, and
hippocampal brain tissue was extracted and utilized for
histopathological studies. The rats were assigned to groups using
randomization and blinding in animal assignments, behavioral
assessments, and biochemical analyses (Zarneshan et al., 2025).

2.2 Chemicals

Polydatin, donepezil, ammonium molybdate, aluminum
chloride (AlCl3), sodium nitrite, N-(1-naphthyl) ethylenediamine
dihydrochloride (NED), sodium dodecyl sulfate (SDS), 5,5′-
dithiobis-(2-nitrobenzoic acid) (DTNB), coomassie brilliant blue
G-250, acrylamide, and Triton X-100 were purchased from Sigma-
Aldrich (St. Louis, MO).

2.3 Behavioral studies

2.3.1 Open field test
The open field test is a common laboratory method designed to

evaluate general locomotion and anxiety-related behavior (Lu et al.,
2019). Depending on the animal being tested, it consists of a wall
enclosed (high sufficient to prevent escape), circular, square, or
rectangular, unknown space that is large enough to provide the
impression of openness. It is possible to assess a range of activities,
such as the number of squares that the rats traversed, rearing, and
grooming (Vuralli et al., 2019).

2.3.2 Passive avoidance test
According to the association formed between a particular

unpleasant event and a certain environmental setting, the passive
avoidance task is a fear-motivated test used to evaluate fear-based
conditioned avoidance learning and memory/behavior in rats
(Giménez De Béjar et al., 2017). In this project, normal animals
come to the recognition that staying away from a specific location
will help them prevent an unpleasant event. This test is carried out in
two compartments of similar size, one of which is bright (white and lit
by a 24 V-10W bulb), and the other of which is dark (black and dark),
both of which are divided by a gate. The acquisition (training) phase
and the test phase were the two stages of testing. Throughout the initial
training phase, animals were placed in the illuminated box and
permitted a maximum of 5 min to pass the gate and enter the dark
box. Animals accessing the dark box with the gate closed suffered a 2-s
foot shock. Following the foot shock, each animal was allowed 20 s in
the dark cage to acclimate (0.5 mA). After 20 s, the animals were taken
away from the apparatus and placed back in their cages. On day two of
the test phase, testing was conducted in the samemanner as on day one,
but without the use of a foot shock in the dark box (Wu et al., 2020).

2.3.3 Y-maze test
The Y-maze is a standard method for testing spatial memory.

Three arms diverge at a 120° angle from the device’s center.

Throughout the test, the baffles of two randomly selected arms
were opened. The start arm is preferred by the two, and the new arm
is allocated to the arm with the baffle still attached (Shi et al., 2021).
Beginning by assigning the letters A, B, and C to the maze’s three
arms, then start recording. Next, consider the overall number of arm
entries and alternations recorded. Finally, use the following formula
to determine the percent (%) alternation: %Alternation (SAP) �
(Number of Alternations/[Total number of arm entries − 2]) × 100
(Kraeuter et al., 2019).

2.3.4 Elevated plus maze test
The elevated plus-maze is the most frequently employed task to

study anxiety-like behavior overall, and in transgenic models of AD
in particular (Pentkowski et al., 2021). The testing apparatus looks
like a cross and has two arms. The arm enclosed by walls is known as
the contained arm, and the arm without walls is known as the open
arm (MacLellan et al., 2009). Rats were placed at the center of
defined arms and allowed to explore for 5 min. Spent time in open
arms, overall distance traveled, transfer latency, and initial transfer
latency (ITL) were recorded (Zarneshan et al., 2025).

2.4 Biochemical tests

2.4.1 Glutathione assay
GSH was determined using Ellman’s assay (Ellman, 1959). In

this research, each well received 50 mL of phosphate buffer with a
pH of 7.4 and 60 mL of rat serum sample. Following the addition of
100 mL of DTNB, a yellow complex was seen, which was then
incubated for 10 min at 37°C before the absorbance at 412 nm was
detected using an ELISA reader. Lastly, the percentage of optical
absorption groups that differed from the reference group (healthy
rats) was reported.

2.4.2 Catalase assay
In this experiment, CAT changes using the Aebi method were

evaluated by measuring hydrogen peroxide (Aebi, 1980). First 20 mL
of this study’s serum samples from the rats in each group were added
to each well, followed by the addition of 100 mL of hydrogen peroxide
at a concentration of 65 mM, 4 min of incubation at 25°C, and the
addition of 100 mL of ammonium molybdate at a concentration of
32.4mM to terminate the reaction. Finally, using an ELISA reader, the
yellow molybdate and hydrogen peroxide complex were quantified at
405 nm. Eventually, the control group’s optical absorption % was
detected to be different from the other groups (Zarneshan et al., 2025).

2.4.3 Nitrite assay
Nitrite was measured using the Griess method (Granger et al.,

1995; 1996) through a deproteinization by adding zinc sulfate
powder. First, sulfanilamide (in 5% HCl) and naphthyl ethylene
diamine dihydrochloride (NEDD; 0.1% in distilled water) were
prepared. In a 96-well plate, 50 μL of sulfanilamide solution was
combined with 100 μL of the prepared serum samples and incubated
in the dark for 5 min. After that, 50 μL of NEDD solution was added,
and incubation was done at 37°C for 30 min. After that, the purple
complex was formed, and its absorbance was measured at 540 nm
using a plate reader. Lastly, the concentration of nitrite in the serum
of rats was reported in mM (Zamani et al., 2025).
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2.5 Zymography

Gelatin zymography was used to measure the gelatinolytic
activity of MMPs. Polyacrylamide gels containing sodium
dodecyl sulphate were copolymerized with 0.1% gelatin.
Following the loading of blood samples (equal to 100 µg of total
protein content as determined by the Bradford assay),
electrophoresis was performed using a mini-gel slab device called
the Mini Protean III (Bio-Rad, Hercules, CA) at a fixed voltage of
150 V. The gel was shaken for an hour while being washed in
renaturation buffer with 2.5% Triton X-100 (in 50 mM Tris-HCl).
Incubation buffer containing 10 mM CaCl2, 0.02% NaN3, and
0.15 M NaCl in 50 mM Tris-HCl was then used to incubate the
gel for 18 h at 37°C. After incubation, the gels were stained for
40 min with Coomassie brilliant blue G-250 (0.5% in 10% acetic acid
and 30% methanol) and then destained with a solution of distilled
water, glacial acetic acid, and methanol for 60 min. ImageJ® software
(NIH) was used to analyze images and assess MMP-9 and MMP-2
activity by evaluating the intensity of clear bands against colored
backgrounds (Fakhri et al., 2021b; Hashemi et al., 2024).

2.6 Histopathological assessments

All animals were given 100 mg/kg of ketamine and 10 mg/kg of
xylazine for scarification after the behavioral tests. After being
carefully removed, the hippocampal tissue was stored in 200 mL
of 0.1 M PBS and 4% paraformaldehyde. Tissues were sliced to a
5 mm thickness, and Hematoxylin and Eosin (H&E) stain was then
applied. The histological changes were examined under a light
microscope, and data were gathered at ×400 magnification
(Zarneshan et al., 2025).

2.7 Statistical analysis

Regarding analyzing the data, Prism 8.4.3 software (GraphPad
Software Inc., San Diego, CA, USA) was employed. To evaluate the
normality of the data distribution, the Shapiro-Wilk test was
performed. One-way and two-way analyses of variance
(ANOVA) were conducted, followed by Tukey or Bonferroni post
hoc analysis. The data were presented as mean ± standard error of
the mean (SEM), with a statistical significance of P < 0.05.

3 Results

3.1 Behavioral tests

3.1.1 Polydatin effects on the open field test
Figure 1 represents the general locomotion and anxiety-related

behaviors in a novel setting as indicated by the open field test. On
every day of the open field test, a statistically significant (P < 0.001)
reduction was noted in the quantity of crossing, rearing, and
grooming in the AlCl3 group as compared to the control
group. Treatment with PD in doses of 5, 10, and 20 mg/kg
significantly increased the movement of rats compared with the
AlCl3 group (P < 0.001). This increase in crossing in PD 10 mg/kg

and donepezil is more significant (P < 0.001). Also, treatment with
PD caused a noteworthy increase compared to the AlCl3 group in
the number of rearing and grooming in rats (P < 0.01 and P < 0.05).
Therefore, the use of PD improved movement (locomotion) and
anxiety behavior caused by AlCl3.

3.1.2 Polydatin effects on passive avoidance test
Figure 2 presents the results of the passive avoidance test for the

avoidance learning, memory, and behavior of rats. The purpose of
this test was to see if the animal could learn to react quickly to
unpleasant stimuli like electric shocks. Because they are nocturnal
creatures, rodents, like rats, prefer the dark. After training on the
first day (learning), the rat is supposed to recall the negative stimulus
in this test, which is an electric shock, and not go into the dark room
the following day. The initial transfer latency time (ITL) on days
7 and 14, and step through latency time (STL) to enter the dark
section were recorded on days 8 and 15. Considering the inherent
tendency of rats to be in the dark part, the amount of ITL time in the
AlCl3 group increased compared to the control group on days 7 and
14 (P < 0.001). While the consumption of PD in doses of 5, 10, and
20 mg/kg causes a noteworthy reduction in ITL time in comparison
with the AlCl3 group (P < 0.05, P < 0.001, and P < 0.001). In the PD-
receiving groups, the ITL time reduction in the group receiving
5 mg/kg PD is less than the other treatment groups (P < 0.05), and
there was no considerable difference between the PD 10 and
20 groups and the group receiving donepezil. In the AlCl3 group
compared to the control group, a noteworthy decrease in STL time
was observed (P < 0.001), which indicates memory deterioration in
the AlCl3 group. Treatment with PD in doses of 5, 10, and 20 mg/kg
causes significant improvement and an increase in STL in
comparison with the AlCl3 group (P < 0.001). Among treatment
groups with PD, memory improvement in PD 10 mg/kg was more
than in other groups. In addition, there was no major difference
between groups receiving PD 10 mg/kg and the group receiving
donepezil (P < 0.001).

3.1.3 Polydatin effects on Y-maze test
Figure 3 presents the Y-maze results for the spatial memory of rats.

The results of this test show an important defect in spatial memory and
a decrease in general activity in the AlCl3 group compared to the
control group, with a decrease in the percentage of non-repetitive
intervals and the total number of entering the arm (SAP%) (P < 0.001).
Also, treatment with PD in different doses increased the SAP% in
comparison with the AlCl3 group, especially at the 10 mg/kg and
20 mg/kg dosage, which was significantly higher than that of the AlCl3
group (P < 0.001 and P < 0.01) and able to recover short-termmemory
and general activity in rats and averts memory loss caused by AlCl3.
Additionally, there was no significant difference in %SAP between the
NPD and donepezil groups (P < 0.001).

3.1.4 Polydatin effects on the elevated plus
maze test

Figure 4 indicates how PD affects anxiety-like behavior, such as
the transfer latency of rats given AlCl3 treatment in the elevated plus-
maze. The purpose of this test was to measure the rats’ post-learning
memory. In this test, the time required to enter the arm for each rat on
day 7 (learning) as the ITL, and the time required to enter the arm on
days 8 and 14 (memory) as the transfer latency time, was recorded.
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Reduction in transfer latency time after determining the ITL time
indicates the improvement of the rats’ diagnostic memory. In this test,
a significant difference was observed in the learning time between the
group receiving AlCl3 and the control group (P < 0.01).

Similarly, in this test, the group receiving AlCl3 showed an
increase in the transfer latency time of the first and second transfer
(memory) on days 8 and 14, respectively, according to the time ITL
on the 7th day, compared to the control group, treatment with PD
showed a memory enhancement (P < 0.05). This effect is more
visible at the dose of 10 mg/kg PD.

3.2 Biochemical tests

3.2.1 Polydatin effects on catalase assay
The amount of serum CAT was measured as an antioxidative

stress factor, and it is desirable not to decrease it. The results in

Figure 5A reveal that consuming AlCl3 induces an enormous
decrease in serum CAT levels (P < 0.001); whereas the PD
groups have a considerably lower difference in serum CAT
levels than the sham group (P < 0.01 and P < 0.001). CAT
quantity improvement in PD 10 mg/kg was more than in other
PD groups (P < 0.05), and there was no statistically significant
distinction between rats receiving PD 10 mg/kg and those
receiving donepezil.

3.2.2 Polydatin effects on glutathione assay
Serum GSH has been investigated as an antioxidative stress

component and should not be decreased. The results in Figure 5B
show that the consumption of AlCl3 causes a major decrease in the
serum GSH level (P < 0.01), while the treatment groups showed a
significant difference in the serum GSH level compared to the sham
group exclusively 10 mg/kg, thus causing neuroprotection by
inhibiting oxidative stress (P < 0.05).

FIGURE 1
Polydatin attenuated anxiety-related behaviors in an AlCl3-induced rat model of AD. Number of (A, B) Crossing, (C, D) Rearing, and (E, F)Grooming.
The data passed the Shapiro-Wilk test for normality. The two-way ANOVA with Bonferroni post hoc analysis was employed, and data were presented as
mean ± SEM (n = 6). **P < 0.01, ***P < 0.001 vs. Sham group; +P < 0.05, ++P < 0.01, +++P < 0.001 vs. AlCl3 group;^̂P < 0.05, ^̂̂̂ P < 0.01, ^̂̂̂ ^̂P < 0.001 vs.
Donepezil group; #P < 0.05, ##P < 0.01 vs. Polydatin 10 mg/kg groups.
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3.2.3 Polydatin effects on nitrite assay
The level of serum nitrite has been identified as an oxidative

stress factor and should not be increased. The results in Figure 5C
demonstrate that intake of AlCl3 resulted in an important reduction

in serum nitrite level compared to the sham group (P < 0.001),
whereas consumption of PD resulted in a substantial decrease in NO
level compared to the group (P < 0.001). As a result, the usage of PD
could result in neuroprotection by decreasing oxidative stress,

FIGURE 2
Polydatin regulated related behaviors in the passive avoidance test during an AlCl3-induced rat model of AD. (A) Initial transfer latency (ITL) and (B)
Step-through latency (STL). The data passed the Shapiro-Wilk test for normality. The two-way ANOVA with Bonferroni post hoc analysis was employed,
and data were presented as mean ± SEM (n = 6). ***P < 0.001 vs. Sham group; +P < 0.05, +++P < 0.001 vs. AlCl3 group;^̂̂̂ P < 0.01,^̂̂̂ ^̂P < 0.001 vs. Donepezil
group; ###P < 0.001 vs. Polydatin 10 mg/kg groups.

FIGURE 3
Polydatinmodulated spatial memory in an AlCl3-induced rat model of AD. The data passed the Shapiro-Wilk test for normality. The two-way ANOVA
with Bonferroni post hoc analysis was employed and datawas presented asmean ± SEM (n= 6). **P < 0.01, ***P < 0.001 vs. Sham group; ++P < 0.01, +++P <
0.001 vs. AlCl3 group; ^̂̂̂ ^̂P < 0.001 vs. Donepezil group; #P < 0.05 vs. Polydatin 10 mg/kg groups.

FIGURE 4
Polydatin effects on anxiety-like behavior andmemory in an AlCl3-induced rat model of AD. (A) Initial transfer latency (ITL-D7) and (B) ITL (D8-D15).
The data passed the Shapiro-Wilk test for normality. The one-way and two-way ANOVA with Tukey and Bonferroni post hoc analysis was employed, and
data were presented as mean ± SEM (n = 6). **P < 0.01, ***P < 0.001 vs. Sham group; +P < 0.05, ++P < 0.01 vs. AlCl3 group.
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particularly in a dose of 10 mg/kg (P < 0.001). Crucially, there were
no discernible variations in these parameters between the donepezil
and PD treatment groups (P < 0.01).

3.3 Polydatin effects on MMP-2 and MMP-9

The assessment of MMP gelatinase activity across different
groups indicated that MMP-9 activity was significantly elevated
in the AlCl3 group compared to the sham group (P < 0.05,
Figure 6A). Treatment with PD effectively reduced MMP-9
gelatinase activity (P < 0.001). Interestingly, the 10 mg dose of
PD not only decreased MMP-9 activity but also showed effects
comparable to those of donepezil (positive control). Moreover, the
AlCl3 group demonstrated markedly lower MMP-2 levels than the

sham group (P < 0.05, Figure 6B). Conversely, the 5 mg/kg PD-
treated group exhibited a partial increase in MMP-2 levels when
compared to the AlCl3 group.

3.4 Polydatin effects on histopathological
assessments

H&E staining was used to investigate morphological changes in
the hippocampus CA2, CA4, and DG regions of experimental rats
(Figure 7). The sham group’s neurons showed typical properties
such as distinct nuclei, large nucleoli, and abundant cytoplasm,
indicating their health. In contrast, treatment with AlCl3 resulted in
a significant reduction in viable neurons (P < 0.001). The group that
received 10 or 20 mg/kg of PD showed fewer pathogenic changes in

FIGURE 5
Polydatin regulatory roles on oxidative stress in a rat model of AD induced by AlCl3. (A) Catalase, (B)Glutathione, and (C)Nitrite. The data passed the
Shapiro-Wilk test for normality. The one-way ANOVA with Tukey post hoc analysis was employed, and data were presented as mean ± SEM (n = 6). *P <
0.05, **P < 0.01, ***P < 0.001 vs. Sham group; +P < 0.05, ++P < 0.01, +++P < 0.001 vs. AlCl3 group;^̂P < 0.05,^̂̂̂ P < 0.01 vs. Donepezil group; #P < 0.05 vs.
Polydatin 10 mg/kg groups.
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hippocampus neurons compared to the AlCl3 group (P < 0.05 and
P < 0.01). There were no significant changes in neuronal health or
structure between groups treated with donepezil and those receiving
PD at dosages of 10 and 20 mg/kg (P < 0.001).

4 Discussion

In the present study, we found that rats with AD had reduced
rates of learning, recognition memory, and short- and long-term
memory. Over 14 days, there was a noticeable drop in motor
function along with a decrease in mobility and exploratory
behaviors in rats with AD. AD rats showed reduced MMP-2,
GSH, and CAT activity, together with increased MMP-9 and
nitrite levels. Besides, PD demonstrated anti-inflammatory
benefits by increasing the activity of MMP-2, lowering serum
nitrite, and enhancing CAT/GSH while inhibiting inflammatory
MMP-9. Both behavioral and biochemical indicators showed varied
degrees of improvement after PD therapy. Finally, via improving
neuronal survival, PD demonstrated neuroprotective benefits in the
rat hippocampal CA2, CA4, and DG.

Oxidative stress and inflammation are elevated in the brains of
AD patients, and these elevations have been widely confirmed in a
variety of model animals. Suppression of the start and/or
advancement of AD is a major concern in modern society, and
studies have shown that improvements in these pathological
circumstances may be advantageous for preserving or enhancing
the neuronal functioning of Alzheimer’s patients (Uruno et al.,

2020). According to reports, Al is one of the factors that
contributes to AD and is deposited in the brain. Important
symptoms of Al neurotoxicity, which contributes to the etiology
of AD, include Aβ deposition, hyperphosphorylation of tau protein,
increased activity of acetylcholinesterase, imbalance in
neurotransmitter levels, inflammatory cytokines, mitochondrial
damage, oxidative stress, and deficits in memory and learning
(Wojtunik-Kulesza et al., 2016; Auti and Kulkarni, 2019). As a
result, in this investigation, we employed an animal model of AD
caused by AlCl3. The current study found that the treatment of AlCl3
causes a progressive loss of short-term, spatial, and diagnostic
memory in rats. Previous reports have shown the antioxidative
potentials of medicinal herbs (Selamoglu-Talas et al., 2015), plant-
derived active compounds (e.g., polyphenols and iridoids), and
related diets (Vasile et al., 2024) in combating neurodegenerative
diseases (Daglia et al., 2014; Sureda et al., 2023; Ishak et al., 2024).

Resveratrol has sparked attention in health studies owing to its
therapeutic potential for some neuroprotective properties associated
with cognitive impairment. As a polyphenol, resveratrol’s positive
benefits have been connected to its action as an antioxidant and anti-
inflammatory agent (Yang et al., 2021). Even though themechanistic
insights of resveratrol in AD have been widely examined (Ahmed
et al., 2017; Kou and Chen, 2017; Sawda et al., 2017; Drygalski et al.,
2018; Gomes et al., 2018), the comparative literature on its role with
other stilbenes, particularly PD, is still sparse. PD is a naturally
occurring resveratrol glucoside, also known as resveratrol-3-β-
mono-D-glucoside derived from the roots of Reynoutria japonica
Houtt [Polygonaceae]. It is additionally found in grapes, red wines,

FIGURE 6
Effects of polydatin on MMPs levels in a rat model of AD induced by AlCl3. (A) MMP-9 and (B) MMP-2. The data passed the Shapiro-Wilk test for
normality. The one-way ANOVA with Tukey post hoc analysis was employed, and data were presented as mean ± SEM. *P < 0.05 vs. Sham group; +++P <
0.001 vs. AlCl3 group; ^̂P < 0.05 vs. Donepezil group.
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hop cones, peanuts, cocoa/chocolate goods, and a variety of other
foods (Du et al., 2013). It has been observed that PD protects against
neurodegenerative disorders such as AD (Tang, 2021), Parkinson’s
disease (Huang et al., 2018), cerebral ischemia (Ji et al., 2012; Huang
et al., 2018; Shah et al., 2019), traumatic brain injury (Li et al., 2019),
and spinal cord injury (Lv et al., 2019b; 2019a).

To examine if PD could have an impact on learning and memory
impairment, as well as anxiety-like behaviors, behavioral tests were
conducted in AD rats (Webster et al., 2014; Lombardero et al., 2020).
The open-field test is used to evaluate the mobility and exploratory
behaviors of rats (Prut and Belzung, 2003). Comparing the AlCl3
group to the control group, there was a notable drop in the number of
crossing lines, rearing, and grooming. Rats receiving PD showed a
substantial increase in the number of crossing lines, rearing, and
grooming behaviors as compared to the AlCl3 group. The passive
avoidance test was used to evaluate short-term and long-term
memory by recording ITL and STL (Ghafarimoghadam et al.,
2022). A noteworthy increase in ITL in rats treated with PD was
observed compared to the group treated with AlCl3. In this
experiment, the increased STL showed improvement in the
recognition memory of rats. In addition, the Y-maze test evaluates
the spatial memory of the animal based on the percentage of non-
repetitive frequency of the total number of entering arms. Healthy

animals explore the new arm, whereas animals with peripheral
destruction re-enter the old arm that is already been examined.
Therefore, compared to healthy animals, a lower number of non-
repetitive intervals is registered. The SAP% in the AlCl3 group
compared to the healthy and treatment groups intensity reduced,
indicating a lower rate of learning and development of short-term
working memory. This is important because the increased SAP% of
rats in the group receiving the PD can be related.

The elevated plus maze test was used to determine learning and
memory by measuring the ITL and transfer latency. The reduction in
transfer delay time after determining the ITL time indicates the
improvement of the rats’ diagnostic memory (Pentkowski et al., 2021).
In this test, a significant difference was observed in the learning time
between the group receiving AlCl3 and the control group. The use of PD
improved the ITL (learning) time compared to the AlCl3 group.

Oxidative stress acts as a connecting factor between different AD
hypotheses and processes. A multifaceted process causes adverse
effects on neurons. In AD, oxidative stress is significant and may
play a major role in the etiology of the disease (Bai et al., 2022).
Because of the crucial roles of oxidative stress in mediating AD
difficulties, as well as to obtain further insights into the presumed
mechanisms of action of PD, researchers assessed its effects on
multiple oxidative stress indicators (GSH, CAT, and NO). This

FIGURE 7
Polydatin impaired histological changes in an AlCl3-induced rat model of AD. (A)CA2, (B)CA4, and (C)DG. The data passed the Shapiro-Wilk test for
normality. The one-way ANOVA with Tukey post hoc analysis was employed, and data were presented as mean ± SEM. *P < 0.05, **P < 0.01, ***P <
0.001 vs. Sham group; +P < 0.05, ++P < 0.01, +++P < 0.001 vs. AlCl3 group; ^̂P < 0.05 vs. Donepezil group.
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investigation revealed that the group receiving AlCl3 had
meaningfully higher levels of NO and significantly lower levels of
the antioxidant enzymes GSH and CAT as a measure of oxidative
stress than the control group. The levels of CAT, GSH, and nitrite
were enhanced in this study by PD ingestion.

Neuronal degeneration can be brought on by a variety of
mediators released by inflammatory cells. Neuritis may directly
cause AD or coexist with other causes of AD to contribute to the
disease’s development (Twarowski and Herbet, 2023). Specifically,
several neuroinflammatory and neurodegenerative pathways can be
triggered by MMP-2 and MMP-9 (Ciccone et al., 2021). Our
findings showed that therapy with AlCl3 increased inflammation,
which eventually led to nerve injury. In this study, administering PD
significantly increased MMP-2 levels while reducing MMP-9 levels.

Dementia is linked to the buildup of NFTs in the hippocampus
area. The loss of synapses was caused by the buildup of NFT in the
stratum lacunosum, dentate fasciculus, CA2, CA3, and CA4 regions.
Oxidative damage can impair hippocampal and cortical cognitive
function. As an information gateway, the DG plays a major role in
the hippocampus’s development of episodic memory (Rao et al.,
2022). New evidence indicates that changes in CA4 may be
connected with memory processing problems. Integrating
information from both the DG and CA4 into larger hippocampal
circuits is crucial for efficient memory formation (Aumont et al.,
2023). Rats receiving PD at several dosages showed improvements in
the histological characteristics of the hippocampus regions CA2,
CA4, and DG at therapeutic levels; this was especially true for the
group given a high dose of the treatment. Compared with the AlCl3
groups, rats receiving PD doses of 10 and 20 mg/kg had the most
therapeutic effect, as did the donepezil group.

Despite the effectiveness of resveratrol, an aglycone derivative of
PD, it often suffers from low solubility, poor bioavailability, rapid
metabolism/clearance, and chemical degradation, thereby limiting
associated clinical applications (Tang, 2021). It urges the need for
providing PD (as a glycoside resveratrol) and novel delivery
formulations. Employing nanotechnology has auspiciously
overcome these pharmacokinetic limitations by improving
cellular uptake, bioavailability, targeted therapy, and increasing
efficacy. Consequently, solid-lipid nanoparticles, liposomes,
micelles, and polymeric/metallic nanoparticles have played
critical roles in improving the neuroprotective effects of PD. We
previously showed the therapeutic effects of PD amphiphilic
chitosan nanocarriers against an AlCl3-induced rat model of AD
(Zarneshan et al., 2025), and the present report confirmed that naïve
PD could also play such beneficial effects.

5 Conclusion

Using an AlCl3-induced AD rat model, the current study
examined the therapeutic potential and mechanisms of action of
PD against AD. PD dramatically reduced learning and memory
impairment as well as anxiety-like behaviors in AD rats, through
antioxidant, anti-inflammatory, and neuroprotective mechanisms.
Further investigation to establish PD as a novel therapy for AD is
needed. To elucidate the more mechanistic pathways and evaluate
the long-term safety and efficacy of PD in clinical applications, more
studies are required.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The animal study was approved by the Dr. Leila Hosseinzadeh,
Committee Director, Laboratory Animals - Kermanshah University
of Medical Sciences Dr. Keivan Moradi, Committee Secretary,
Laboratory Animals - Kermanshah University of Medical
Sciences. The study was conducted in accordance with the local
legislation and institutional requirements.

Author contributions

SZ: Writing – original draft, Investigation, Data curation. SF:
Writing – original draft, Investigation, Writing – review and editing.
AK: Writing – original draft, Writing – review and editing. FA:
Writing – original draft, Investigation. SH: Writing – original draft.
EM-N: Writing – original draft, Investigation. JE: Writing – original
draft, Writing – review and editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. The authors thank the
Pharmaceutical Sciences Research Center, Kermanshah University
of Medical Sciences, for the special Grant No. 4020128.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Frontiers in Pharmacology frontiersin.org10

Zarneshan et al. 10.3389/fphar.2025.1574323

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1574323


References

Aebi, H. E. (1980). Enzymes 1: oxidoreductases, transferases.Methods enzym. Anal. 3,
273–282.

Ahmed, T., Javed, S., Javed, S., Tariq, A., Šamec, D., Tejada, S., et al. (2017).
Resveratrol and Alzheimer’s disease: mechanistic insights. Mol. Neurobiol. 54,
2622–2635. doi:10.1007/s12035-016-9839-9

Anwar, H. M., Georgy, G. S., Hamad, S. R., Badr, W. K., El Raey, M. A., Abdelfattah,
M. A. O., et al. (2021). A leaf extract of harrisonia abyssinica ameliorates
neurobehavioral, histological and biochemical changes in the Hippocampus of rats
with aluminum chloride-induced Alzheimer’s disease. Antioxidants Basel, Switz. 10,
947. doi:10.3390/antiox10060947

Arifin, W. N., and Zahiruddin, W. M. (2017). Sample size calculation in animal
studies using resource equation approach. Malays. J. Med. Sci. 24, 101–105. doi:10.
21315/mjms2017.24.5.11

Athar, T., Al Balushi, K., and Khan, S. A. (2021). Recent advances on drug
development and emerging therapeutic agents for Alzheimer’s disease. Mol. Biol.
Rep. 48, 5629–5645. doi:10.1007/s11033-021-06512-9

Aumont, E., Bussy, A., Bedard, M.-A., Bezgin, G., Therriault, J., Savard, M., et al.
(2023). Hippocampal subfield associations with memory depend on stimulus modality
and retrieval mode. Brain Commun. 5, fcad309. doi:10.1093/braincomms/fcad309

Auti, S. T., and Kulkarni, Y. A. (2019). Neuroprotective effect of cardamom oil against
aluminum induced neurotoxicity in rats. Front. Neurol. 10, 399. doi:10.3389/fneur.2019.
00399

Bai, R., Guo, J., Ye, X.-Y., Xie, Y., and Xie, T. (2022). Oxidative stress: the core
pathogenesis and mechanism of Alzheimer’s disease. Ageing Res. Rev. 77, 101619.
doi:10.1016/j.arr.2022.101619

Bhattacharjee, S., Zhao, Y., Hill, J. M., Percy, M. E., and Lukiw, W. J. (2014).
Aluminum and its potential contribution to Alzheimer’s disease (AD). Front. Aging
Neurosci. 6, 62. doi:10.3389/fnagi.2014.00062

Broderick, T. L., Rasool, S., Li, R., Zhang, Y., Anderson, M., Al-Nakkash, L., et al.
(2020). Neuroprotective effects of chronic resveratrol treatment and exercise training in
the 3xTg-ADmouse model of Alzheimer’s disease. Int. J. Mol. Sci. 21, 7337. doi:10.3390/
ijms21197337

Ciccone, L., Vandooren, J., Nencetti, S., and Orlandini, E. (2021). Natural marine and
terrestrial compounds as modulators of matrix metalloproteinases-2 (MMP-2) and
MMP-9 in Alzheimer’s disease. Pharmaceuticals 14, 86. doi:10.3390/ph14020086

Cicero, A. F. G., Ruscica, M., and Banach, M. (2019). Resveratrol and cognitive
decline: a clinician perspective. Arch. Med. Sci. 15, 936–943. doi:10.5114/aoms.2019.
85463

Crous-Bou, M., Minguillón, C., Gramunt, N., and Molinuevo, J. L. (2017).
Alzheimer’s disease prevention: from risk factors to early intervention. Alzheimers.
Res. Ther. 9, 71. doi:10.1186/s13195-017-0297-z

Daglia, M., Di Lorenzo, A., Nabavi, S. F., Talas, Z. S., and Nabavi, S. M. (2014).
Polyphenols: well beyond the antioxidant capacity: gallic acid and related compounds as
neuroprotective agents: you are what you eat. Curr. Pharm. Biotechnol. 15, 362–372.
doi:10.2174/138920101504140825120737

Drygalski, K., Fereniec, E., Koryciński, K., Chomentowski, A., Kiełczewska, A.,
Odrzygóźdź, C., et al. (2018). Resveratrol and Alzheimer’s disease. From molecular
pathophysiology to clinical trials. Exp. Gerontol. 113, 36–47. doi:10.1016/j.exger.2018.
09.019

Du, Q.-H., Peng, C., and Zhang, H. (2013). Polydatin: a review of pharmacology and
pharmacokinetics. Pharm. Biol. 51, 1347–1354. doi:10.3109/13880209.2013.792849

Ellman, G. L. (1959). Tissue sulfhydryl groups. Arch. Biochem. Biophys. 82, 70–77.
doi:10.1016/0003-9861(59)90090-6

Eratne, D., Loi, S. M., Farrand, S., Kelso, W., Velakoulis, D., and Looi, J. C. (2018).
Alzheimer’s disease: clinical update on epidemiology, pathophysiology and diagnosis.
Australas. Psychiatry 26, 347–357. doi:10.1177/1039856218762308

Fakhri, S., Gravandi, M. M., Abdian, S., Akkol, E. K., Farzaei, M. H., and Sobarzo-
Sánchez, E. (2021a). The neuroprotective role of polydatin: neuropharmacological
mechanisms, molecular targets, therapeutic potentials, and clinical perspective.
Molecules 26, 5985. doi:10.3390/molecules26195985

Fakhri, S., Kiani, A., Jalili, C., Abbaszadeh, F., Piri, S., Farzaei, M. H., et al. (2021b).
Intrathecal administration of melatonin ameliorates the neuroinflammation- mediated
sensory and motor dysfunction in A rat model of compression spinal cord injury. Curr.
Mol. Pharmacol. 14, 646–657. doi:10.2174/1874467213666201230101811

Freyssin, A., Page, G., Fauconneau, B., and Rioux Bilan, A. (2020). Natural stilbenes
effects in animal models of Alzheimer’s disease. Neural Regen. Res. 15, 843–849. doi:10.
4103/1673-5374.268970

Gambini, J., Inglés, M., Olaso, G., Lopez-Grueso, R., Bonet-Costa, V., Gimeno-
Mallench, L., et al. (2015). Properties of resveratrol: in vitro and in vivo studies about
metabolism, bioavailability, and biological effects in animal models and humans. Oxid.
Med. Cell. Longev. 2015, 837042. doi:10.1155/2015/837042

Ghafarimoghadam, M., Mashayekh, R., Gholami, M., Fereydani, P., Shelley-
Tremblay, J., Kandezi, N., et al. (2022). A review of behavioral methods for the

evaluation of cognitive performance in animal models: current techniques and links
to human cognition. Physiol. Behav. 244, 113652. doi:10.1016/j.physbeh.2021.113652

Giménez De Béjar, V., Caballero Bleda, M., Popović, N., and Popović, M. (2017).
Verapamil blocks scopolamine enhancement effect on memory consolidation in passive
avoidance task in rats. Front. Pharmacol. 8, 566. doi:10.3389/fphar.2017.00566

Goedert, M. (2015). NEURODEGENERATION. Alzheimer’s and Parkinson’s
diseases: the prion concept in relation to assembled Aβ, tau, and α-synuclein.
Science 349, 1255555. doi:10.1126/science.1255555

Gomes, B. A. Q., Silva, J. P. B., Romeiro, C. F. R., Dos Santos, S. M., Rodrigues, C. A.,
Gonçalves, P. R., et al. (2018). Neuroprotective mechanisms of resveratrol in
Alzheimer’s disease: role of SIRT1. Oxid. Med. Cell. Longev. 2018, 8152373. doi:10.
1155/2018/8152373

Granger, D. L., Taintor, R. R., Boockvar, K. S., and Hibbs, J. B. (1996). Measurement of
nitrate and nitrite in biological samples using nitrate reductase and Griess reaction.
Methods Enzymol. 268, 142–151. doi:10.1016/s0076-6879(96)68016-1

Granger, D. L., Taintor, R. R., Boockvar, K. S., and Hibbs, J. B., Jr. (1995).
Determination of nitrate and nitrite in biological samples using bacterial nitrate
reductase coupled with the griess reaction. Methods 7, 78–83. doi:10.1006/meth.
1995.1011

Hashemi, B., Fakhri, S., Kiani, A., Abbaszadeh, F., Miraghaee, S., Mohammadi, M.,
et al. (2024). Anti-neuropathic effects of astaxanthin in a rat model of chronic
constriction injury: passing through opioid/benzodiazepine receptors and relevance
to its antioxidant and anti-inflammatory effects. Front. Pharmacol. 15, 1467788. doi:10.
3389/fphar.2024.1467788

Huang, B., Liu, J., Meng, T., Li, Y., He, D., Ran, X., et al. (2018). Polydatin prevents
lipopolysaccharide (LPS)-Induced Parkinson’s disease via regulation of the AKT/
GSK3β-Nrf2/NF-κB signaling Axis. Front. Immunol. 9, 2527. doi:10.3389/fimmu.
2018.02527

Iranpanah, A., Fakhri, S., Bahrami, G., Majnooni, M. B., Gravandi, M. M., Taghavi, S.,
et al. (2024). Protective effect of a hydromethanolic extract from Fraxinus excelsior L.
bark against a rat model of aluminum chloride-induced Alzheimer’s disease: relevance
to its anti-inflammatory and antioxidant effects. J. Ethnopharmacol. 323, 117708. doi:10.
1016/j.jep.2024.117708

Ishak, S., Allouche, M., Alotaibi, G. S., Alwthery, N. S., Al-Subaie, R. A., Al-Hoshani,
N., et al. (2024). Experimental and computational assessment of antiparkinson
medication effects on meiofauna: case study of benserazide and trihexyphenidyl.
Mar. Pollut. Bull. 205, 116668. doi:10.1016/j.marpolbul.2024.116668

Ji, H., Zhang, X., Du, Y., Liu, H., Li, S., and Li, L. (2012). Polydatin modulates
inflammation by decreasing NF-κB activation and oxidative stress by increasing Gli1,
Ptch1, SOD1 expression and ameliorates blood-brain barrier permeability for its
neuroprotective effect in pMCAO rat brain. Brain Res. Bull. 87, 50–59. doi:10.1016/
j.brainresbull.2011.09.021

Kou, X., and Chen, N. (2017). Resveratrol as a natural autophagy regulator for
prevention and treatment of Alzheimer’s disease. Nutrients 9, 927. doi:10.3390/
nu9090927

Kraeuter, A.-K., Guest, P. C., and Sarnyai, Z. (2019). The Y-maze for assessment of
spatial working and reference memory in mice. Methods Mol. Biol. 1916, 105–111.
doi:10.1007/978-1-4939-8994-2_10

Li, L., Tan, H.-P., Liu, C.-Y., Yu, L.-T., Wei, D.-N., Zhang, Z.-C., et al. (2019).
Polydatin prevents the induction of secondary brain injury after traumatic brain injury
by protecting neuronal mitochondria. Neural Regen. Res. 14, 1573–1582. doi:10.4103/
1673-5374.255972

Lombardero, L., Llorente-Ovejero, A., Manuel, I., and Rodríguez-Puertas, R. (2020).
Genetics, neurology, behavior, and diet in dementia. Elsevier. doi:10.1016/C2017-0-
03834-X

Lu, Y., Sareddy, G. R., Wang, J., Wang, R., Li, Y., Dong, Y., et al. (2019). Neuron-
derived estrogen regulates synaptic plasticity and memory. J. Neurosci. 39, 2792–2809.
doi:10.1523/JNEUROSCI.1970-18.2019

Lv, R., Du, L., Liu, X., Zhou, F., Zhang, Z., and Zhang, L. (2019a). Polydatin alleviates
traumatic spinal cord injury by reducing microglial inflammation via regulation of
iNOS and NLRP3 inflammasome pathway. Int. Immunopharmacol. 70, 28–36. doi:10.
1016/j.intimp.2019.02.006

Lv, R., Du, L., Zhang, L., and Zhang, Z. (2019b). Polydatin attenuates spinal cord
injury in rats by inhibiting oxidative stress and microglia apoptosis via Nrf2/HO-
1 pathway. Life Sci. 217, 119–127. doi:10.1016/j.lfs.2018.11.053

Ma, X., Sun, Z., Han, X., Li, S., Jiang, X., Chen, S., et al. (2019). Neuroprotective effect
of resveratrol via activation of Sirt1 signaling in a rat model of combined diabetes and
Alzheimer’s disease. Front. Neurosci. 13, 1400. doi:10.3389/fnins.2019.01400

MacLellan, C. L., Langdon, K. D., Churchill, K. P., Granter-Button, S., and Corbett, D.
(2009). Assessing cognitive function after intracerebral hemorrhage in rats. Behav.
Brain Res. 198, 321–328. doi:10.1016/j.bbr.2008.11.004

Mossello, E., and Ballini, E. (2012). Management of patients with Alzheimer’s disease:
pharmacological treatment and quality of life. Ther. Adv. Chronic Dis. 3, 183–193.
doi:10.1177/2040622312452387

Frontiers in Pharmacology frontiersin.org11

Zarneshan et al. 10.3389/fphar.2025.1574323

https://doi.org/10.1007/s12035-016-9839-9
https://doi.org/10.3390/antiox10060947
https://doi.org/10.21315/mjms2017.24.5.11
https://doi.org/10.21315/mjms2017.24.5.11
https://doi.org/10.1007/s11033-021-06512-9
https://doi.org/10.1093/braincomms/fcad309
https://doi.org/10.3389/fneur.2019.00399
https://doi.org/10.3389/fneur.2019.00399
https://doi.org/10.1016/j.arr.2022.101619
https://doi.org/10.3389/fnagi.2014.00062
https://doi.org/10.3390/ijms21197337
https://doi.org/10.3390/ijms21197337
https://doi.org/10.3390/ph14020086
https://doi.org/10.5114/aoms.2019.85463
https://doi.org/10.5114/aoms.2019.85463
https://doi.org/10.1186/s13195-017-0297-z
https://doi.org/10.2174/138920101504140825120737
https://doi.org/10.1016/j.exger.2018.09.019
https://doi.org/10.1016/j.exger.2018.09.019
https://doi.org/10.3109/13880209.2013.792849
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1177/1039856218762308
https://doi.org/10.3390/molecules26195985
https://doi.org/10.2174/1874467213666201230101811
https://doi.org/10.4103/1673-5374.268970
https://doi.org/10.4103/1673-5374.268970
https://doi.org/10.1155/2015/837042
https://doi.org/10.1016/j.physbeh.2021.113652
https://doi.org/10.3389/fphar.2017.00566
https://doi.org/10.1126/science.1255555
https://doi.org/10.1155/2018/8152373
https://doi.org/10.1155/2018/8152373
https://doi.org/10.1016/s0076-6879(96)68016-1
https://doi.org/10.1006/meth.1995.1011
https://doi.org/10.1006/meth.1995.1011
https://doi.org/10.3389/fphar.2024.1467788
https://doi.org/10.3389/fphar.2024.1467788
https://doi.org/10.3389/fimmu.2018.02527
https://doi.org/10.3389/fimmu.2018.02527
https://doi.org/10.1016/j.jep.2024.117708
https://doi.org/10.1016/j.jep.2024.117708
https://doi.org/10.1016/j.marpolbul.2024.116668
https://doi.org/10.1016/j.brainresbull.2011.09.021
https://doi.org/10.1016/j.brainresbull.2011.09.021
https://doi.org/10.3390/nu9090927
https://doi.org/10.3390/nu9090927
https://doi.org/10.1007/978-1-4939-8994-2_10
https://doi.org/10.4103/1673-5374.255972
https://doi.org/10.4103/1673-5374.255972
https://doi.org/10.1016/C2017-0-03834-X
https://doi.org/10.1016/C2017-0-03834-X
https://doi.org/10.1523/JNEUROSCI.1970-18.2019
https://doi.org/10.1016/j.intimp.2019.02.006
https://doi.org/10.1016/j.intimp.2019.02.006
https://doi.org/10.1016/j.lfs.2018.11.053
https://doi.org/10.3389/fnins.2019.01400
https://doi.org/10.1016/j.bbr.2008.11.004
https://doi.org/10.1177/2040622312452387
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1574323


Moussa, C., Hebron, M., Huang, X., Ahn, J., Rissman, R. A., Aisen, P. S., et al. (2017).
Resveratrol regulates neuro-inflammation and induces adaptive immunity in
Alzheimer’s disease. J. Neuroinflammation 14, 1. doi:10.1186/s12974-016-0779-0

Pan, B., Ren, Y., and Liu, L. (2018). Uncovering the action mechanism of polydatin via
network pharmacological target prediction. RSC Adv. 8, 18851–18858. doi:10.1039/
c8ra03124j

Pentkowski, N. S., Rogge-Obando, K. K., Donaldson, T. N., Bouquin, S. J., and Clark,
B. J. (2021). Anxiety and Alzheimer’s disease: behavioral analysis and neural basis in
rodent models of Alzheimer’s-related neuropathology. Neurosci. Biobehav. Rev. 127,
647–658. doi:10.1016/j.neubiorev.2021.05.005

Prut, L., and Belzung, C. (2003). The open field as a paradigm to measure the effects of
drugs on anxiety-like behaviors: a review. Eur. J. Pharmacol. 463, 3–33. doi:10.1016/
s0014-2999(03)01272-x

Querfurth, H. W., and LaFerla, F. M. (2010). Alzheimer’s disease.N. Engl. J. Med. 362,
329–344. doi:10.1056/NEJMra0909142

Rao, Y. L., Ganaraja, B., Murlimanju, B. V., Joy, T., Krishnamurthy, A., and Agrawal,
A. (2022). Hippocampus and its involvement in Alzheimer’s disease: a review. 3 Biotech.
12, 55. doi:10.1007/s13205-022-03123-4

Sawda, C., Moussa, C., and Turner, R. S. (2017). Resveratrol for Alzheimer’s disease.
Ann. N. Y. Acad. Sci. 1403, 142–149. doi:10.1111/nyas.13431

Scheltens, P., De Strooper, B., Kivipelto, M., Holstege, H., Chételat, G., Teunissen, C.
E., et al. (2021). Alzheimer’s disease. Lancet London, Engl. 397, 1577–1590. doi:10.1016/
S0140-6736(20)32205-4

Selamoglu-Talas, Z., Ozdemir, I., Ciftci, O., and Cakir, O. (2015). Propolis attenuates
oxidative injury in brain and lung of nitric oxide synthase inhibited rats. J. Pharm. Care
1. Available online at: https://jpc.tums.ac.ir/index.php/jpc/article/view/11.

Shah, F. A., Kury, L.Al, Li, T., Zeb, A., Koh, P. O., Liu, F., et al. (2019). Polydatin
attenuates neuronal loss via reducing neuroinflammation and oxidative stress in rat
MCAO models. Front. Pharmacol. 10, 663. doi:10.3389/fphar.2019.00663

Shi, X., Bai, H., Wang, J., Wang, J., Huang, L., He, M., et al. (2021). Behavioral
assessment of sensory, motor, emotion, and cognition in rodent models of intracerebral
hemorrhage. Front. Neurol. 12, 667511. doi:10.3389/fneur.2021.667511

Singh, B., Day, C. M., Abdella, S., and Garg, S. (2024). Alzheimer’s disease current
therapies, novel drug delivery systems and future directions for better disease
management. J. Control. Release 367, 402–424. doi:10.1016/j.jconrel.2024.01.047

Sureda, A., Tejada, S., Mir Khan, U., and Selamoglu, Z. (2023). An overview of the
biological function of curcumin in the processes of oxidative stress, inflammation,
nervous system, and lipid levels. Cent. Asian J. Med. Pharm. Sci. Innov. 3, 1–11. doi:10.
22034/CAJMPSI.2023.01.01

Tang, K. S. (2021). Protective effects of polydatin against dementia-related disorders.
Curr. Neuropharmacol. 19, 127–135. doi:10.2174/1570159X18666200611144825

Tang, K. S., and Tan, J. S. (2019). The protective mechanisms of polydatin in cerebral
ischemia. Eur. J. Pharmacol. 842, 133–138. doi:10.1016/j.ejphar.2018.10.039

Twarowski, B., and Herbet, M. (2023). Inflammatory processes in Alzheimer’s
disease—pathomechanism, diagnosis and treatment: a review. Int. J. Mol. Sci. 24,
6518. doi:10.3390/ijms24076518

Uruno, A., Matsumaru, D., Ryoke, R., Saito, R., Kadoguchi, S., Saigusa, D., et al.
(2020). Nrf2 suppresses oxidative stress and inflammation in app knock-in Alzheimer’s
disease model mice. Mol. Cell. Biol. 40. doi:10.1128/MCB.00467-19

Vasile, A., Ciobîcă, A., Kamal, F. Z., Mavroudis, I., Plăvan, G., Selamoglu, Z., et al.
(2024). Latest developments on the connections between diet and most of the
neuropsychiatric disorders. Bull. Integr. Psychiatry 101, 105–119. doi:10.36219/BPI.
2024.2.11

Vuralli, D., Wattiez, A.-S., Russo, A. F., and Bolay, H. (2019). Behavioral and cognitive
animal models in headache research. J. Headache Pain 20, 11. doi:10.1186/s10194-019-
0963-6

Webster, S. J., Bachstetter, A. D., Nelson, P. T., Schmitt, F. A., and Van Eldik, L. J.
(2014). Using mice to model Alzheimer’s dementia: an overview of the clinical disease
and the preclinical behavioral changes in 10 mouse models. Front. Genet. 5, 88. doi:10.
3389/fgene.2014.00088

Witte, A. V., Kerti, L., Margulies, D. S., and Flöel, A. (2014). Effects of resveratrol
on memory performance, hippocampal functional connectivity, and glucose
metabolism in healthy older adults. J. Neurosci. 34, 7862–7870. doi:10.1523/
JNEUROSCI.0385-14.2014

Wojtunik-Kulesza, K. A., Oniszczuk, A., Oniszczuk, T., and Waksmundzka-Hajnos,
M. (2016). The influence of common free radicals and antioxidants on development of
Alzheimer’s Disease. Biomed. Pharmacother. 78, 39–49. doi:10.1016/j.biopha.2015.
12.024

Wu, C., Yang, L., Li, Y., Dong, Y., Yang, B., Tucker, L. D., et al. (2020). Effects of
exercise training on anxious-depressive-like behavior in alzheimer rat. Med. Sci. Sports
Exerc. 52, 1456–1469. doi:10.1249/MSS.0000000000002294

Yang, A. J. T., Bagit, A., and MacPherson, R. E. K. (2021). Resveratrol, metabolic
dysregulation, and Alzheimer’s disease: considerations for neurogenerative disease. Int.
J. Mol. Sci. 22, 4628. doi:10.3390/ijms22094628

Zamani, K., Fakhri, S., Kiani, A., Abbaszadeh, F., and Farzaei, M. H. (2025). Rutin
engages opioid/benzodiazepine receptors towards anti-neuropathic potential in a rat
model of chronic constriction injury: relevance to its antioxidant and anti-inflammatory
effects. Naunyn. Schmiedeb. Arch. Pharmacol. doi:10.1007/s00210-025-03842-4

Zarneshan, S. N., Arkan, E., Kiani, A., Hosseini, S. Z., Abbaszadeh, F., and Fakhri, S.
(2025). Protective effects of polydatin amphiphilic chitosan nanocarriers against an
aluminum chloride-induced model of Alzheimer’s disease in rats: relevance to its anti-
inflammatory and antioxidant effects. Naunyn. Schmiedeb. Arch. Pharmacol. doi:10.
1007/s00210-024-03696-2

Frontiers in Pharmacology frontiersin.org12

Zarneshan et al. 10.3389/fphar.2025.1574323

https://doi.org/10.1186/s12974-016-0779-0
https://doi.org/10.1039/c8ra03124j
https://doi.org/10.1039/c8ra03124j
https://doi.org/10.1016/j.neubiorev.2021.05.005
https://doi.org/10.1016/s0014-2999(03)01272-x
https://doi.org/10.1016/s0014-2999(03)01272-x
https://doi.org/10.1056/NEJMra0909142
https://doi.org/10.1007/s13205-022-03123-4
https://doi.org/10.1111/nyas.13431
https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.1016/S0140-6736(20)32205-4
https://jpc.tums.ac.ir/index.php/jpc/article/view/11
https://doi.org/10.3389/fphar.2019.00663
https://doi.org/10.3389/fneur.2021.667511
https://doi.org/10.1016/j.jconrel.2024.01.047
https://doi.org/10.22034/CAJMPSI.2023.01.01
https://doi.org/10.22034/CAJMPSI.2023.01.01
https://doi.org/10.2174/1570159X18666200611144825
https://doi.org/10.1016/j.ejphar.2018.10.039
https://doi.org/10.3390/ijms24076518
https://doi.org/10.1128/MCB.00467-19
https://doi.org/10.36219/BPI.2024.2.11
https://doi.org/10.36219/BPI.2024.2.11
https://doi.org/10.1186/s10194-019-0963-6
https://doi.org/10.1186/s10194-019-0963-6
https://doi.org/10.3389/fgene.2014.00088
https://doi.org/10.3389/fgene.2014.00088
https://doi.org/10.1523/JNEUROSCI.0385-14.2014
https://doi.org/10.1523/JNEUROSCI.0385-14.2014
https://doi.org/10.1016/j.biopha.2015.12.024
https://doi.org/10.1016/j.biopha.2015.12.024
https://doi.org/10.1249/MSS.0000000000002294
https://doi.org/10.3390/ijms22094628
https://doi.org/10.1007/s00210-025-03842-4
https://doi.org/10.1007/s00210-024-03696-2
https://doi.org/10.1007/s00210-024-03696-2
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1574323

	Polydatin attenuates Alzheimer’s disease induced by aluminum chloride in rats: evidence for its antioxidant and anti-inflam ...
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Chemicals
	2.3 Behavioral studies
	2.3.1 Open field test
	2.3.2 Passive avoidance test
	2.3.3 Y-maze test
	2.3.4 Elevated plus maze test

	2.4 Biochemical tests
	2.4.1 Glutathione assay
	2.4.2 Catalase assay
	2.4.3 Nitrite assay

	2.5 Zymography
	2.6 Histopathological assessments
	2.7 Statistical analysis

	3 Results
	3.1 Behavioral tests
	3.1.1 Polydatin effects on the open field test
	3.1.2 Polydatin effects on passive avoidance test
	3.1.3 Polydatin effects on Y-maze test
	3.1.4 Polydatin effects on the elevated plus maze test

	3.2 Biochemical tests
	3.2.1 Polydatin effects on catalase assay
	3.2.2 Polydatin effects on glutathione assay
	3.2.3 Polydatin effects on nitrite assay

	3.3 Polydatin effects on MMP-2 and MMP-9
	3.4 Polydatin effects on histopathological assessments

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


