
RESEARCH ARTICLE OPEN ACCESS

Ailanthus altissima Extract Ameliorates Cognitive Decline
and Neurodegeneration in an Aluminum Chloride–Induced
Rat Model of Alzheimer’s Disease
Mohammad Mehdi Gravandi1,2 | Daniel Elieh-Ali-Komi3,4 | Roshanak Amirian2 | Seyede Zahra Hosseini1 |
Seyede Darya Alavi1 | Samira Shirooie1 | Amir Kiani1 | Mohammad Hosein Farzaei1

1Pharmaceutical Sciences Research Center, Health Institute, Kermanshah University of Medical Sciences, Kermanshah, Iran | 2Student Research
Committee, Kermanshah University of Medical Sciences, Kermanshah, Iran | 3Institute of Allergology, Charité–Universitätsmedizin Berlin, Corporate
Member of Freie Universität Berlin and Humboldt-Universität zu Berlin, Berlin, Germany | 4Fraunhofer Institute for Translational Medicine and
Pharmacology ITMP, Immunology and Allergology, Berlin, Germany

Correspondence: Amir Kiani (akiani@kums.ac.ir) | Mohammad Hosein Farzaei (mh_farzaei@kums.ac.ir)

Received: 10 March 2025 | Revised: 2 February 2026 | Accepted: 4 February 2026

Academic Editor: Anupama Bose

Keywords: Ailanthus altissima | Alzheimer’s disease | amyloid beta | infammation | neuroprotection | NF-κB

ABSTRACT
Background: The extract of Ailanthus altissima possesses anti-infammatory and neuroprotective properties. We aimed to in-
vestigate its efectiveness in mitigating the AlCl3-induced Alzheimer’s disease in a rat model.
Methods:A total of 32 adult maleWistar rats were divided into 4 groups each consisting of 8 rats. The control group received saline
and the AlCl3 group received AlCl3 (0.2 cc 100mg/kg, intraperitoneal) for 14 days. Two other groups received either 50 or 100 mg/
kg of Ailanthus altissima after AlCl3 treatment. Behavioral tests including open feld test (OFT), elevated plus maze, and passive
avoidance tests were performed. Nuclear factor kappa B (NF-κB), glial flamentous acidic protein (GFAP), and amyloid beta were
stained using immunohistochemistry (IHC) in the hippocampus.
Results: AlCl3 administration caused signifcant memory impairment, and treatment with Ailanthus altissima extract efectively
mitigated these defcits in a dose-dependent manner. The efects were dose-dependent, and the group receiving 100mg/kg extract
presented the most signifcant results in the conducted behavioral tests. The IHC results for NF-κB showed that treatment with
50mg/kg of extract signifcantly reduced NF-κB expression compared with the AlCl3 group (6.64% vs. 13.3%, respectively,
p < 0.05). A higher dose of 100mg/kg resulted in an even greater reduction (4.45% vs. 13.3%, p < 0.01). Extract treatment reduced
GFAP positivity in a dose-dependent manner, with the 50mg/kg group showing a signifcant decrease to 11.8% (p < 0.05). The
100mg/kg group demonstrated an even more substantial reduction to 7.7% (p < 0.01) compared with the AlCl3 group (18.65%).
Amyloid beta positivity was critically reduced in the 100mg/kg-receiving group.
Conclusions: Ailanthus altissima extract shows potential as a neuroprotective extract. It counteracts AlCl3-induced behavioral
and neuropathological changes, suggesting promising therapeutic applications.

1 | Introduction

Alzheimer’s disease (AD) is a progressive degenerative brain
disease linked to amyloid beta (Aβ) plaque formation,

neurofbrillary tangles of τ protein, and memory impairment
[1, 2]. The underlying mechanisms of this diverse chronic
neurodegenerative disease remain incompletely understood.
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Nonetheless, several variables, such as age, gender, heredity,
lifestyle, and environmental circumstances, mediate the onset of
AD. Several neuropathological features have been identifed to be
associated with AD, like extraneuronal senile plaques, intra-
neuronal neurofbrillary tangles (NFTs), cholinergic defects,
mitochondrial impairment, calcium homeostasis imbalance,
neurovascular damage, and overproduction of infammatory
mediators, which negatively afect the neuronal and glial cell
functions [3, 4]. The formation of extracellular plaques con-
taining Aβ is a pathologic feature of AD. It is now evident that Aβ
activates microglia causing the release of proinfammatory cy-
tokines which in turn induces the production of amyloid pre-
cursor protein (APP). This eventually results in higher
production of Aβ [5, 6].

Oxidative stress has recently been drawing attention in AD re-
search and the pathophysiology of other infammatory diseases
[7]. As the brain consumes relatively more energy, it is sus-
ceptible to the produced unstable reactive oxygen and nitrogen
species. These chemicals interact with neurons (since they are
composed of a large entity of polyunsaturated fatty acids)
eventually leading to lipid oxidation, the alteration of the redox
potential of β-amyloid metal ions, mitochondrial dysfunction,
and fnally neuron apoptosis [8].

Aluminum possesses neurotoxic properties for which several
mechanisms have been proposed including impairing glucose
metabolism, free radical damaging via increased lipid perox-
idation, protein modifcation, impairing signal transduction,
disturbing the axonal transport, and afecting phosphorylation of
neuroflaments [9]. There is increasing evidence linking alu-
minum to the pathogenesis of AD. In animal models, aluminum
contributes to the accumulation of tau protein and Aβ protein
and induces neuronal apoptosis in vivo and in vitro, by endo-
plasmic stress from the unfolded protein response and mito-
chondrial dysfunction [9, 10]. Aluminum chloride (AlCl3) is
widely present in various commercially made items such as
toothpaste, vaccines, pharmaceuticals, and bottled drinking
water [11–14].

The tree-of-heaven Ailanthus altissima (Mill.) Swingle (family
Simaroubaceae and genus Ailanthus) is native to China but can
be found inmany regions worldwide. The dried bark of the plant,
widely designated as “Chunpi” in Chinese, has versatile usages in
Chinese traditional medicine as a remedy for asthma, epilepsy,
bleeding, and ophthalmic disorders [15]. Previous research on
the composition of Ailanthus altissima found alkaloids, terpe-
noids, steroids, and favonoids [16–18]. The presence of these
phytochemicals may be linked to the therapeutic properties of
Ailanthus altissima, especially on those with infammation at the
center of their pathophysiology.

In line with this, the incubation of Canthin-6-one (CO) alkaloids
extracted from stem barks of Ailanthus altissima with lipo-
polysaccharide (LPS)-stimulated macrophages showed the fol-
lowing results: (a) inhibited the expression of inducible nitric
oxide synthase, (b) suppressed the production of prostaglandin
E2 (PGE2) and expression of cyclooxygenase-2, and (c) reduced
monocyte chemotactic protein-1 (MCP1) and tumor necrosis
factor (TNF) expression [19].

Additionally, the results of Jin et al. showed the exposure of
BALB/c mice bone marrow-derived mast cells (mast cells are

granulated leukocytes that mainly act as the diver cells of allergic
reactions and release proinfammatory mediators once activated)
to the extract of Ailanthus altissima showed that (a) COX-2-
dependent PGD2 generation was inhibited dose-dependently, (b)
leukotriene C4 production was inhibited, and (c) the extract
inhibited c-kit ligand-dependent mast cells degranulation [20].
Moreover, Ailanthus altissima has been traditionally used in
Chinese medicine as a remedy for neurological conditions such
as epilepsy, anxiety, and memory weakness, indicating its po-
tential for neuroprotection [15]. In addition, experimental
studies have shown that chronic administration of its bark ex-
tract improves memory performance and enhances brain anti-
oxidant levels in rats [21].

Previous phytochemical and pharmacological studies have
identifed several bioactive constituents that may underlie the
observed therapeutic efects of Ailanthus altissima extract, in-
cluding phenolic compounds and favonoids [15], canthinone-
type alkaloids [16, 19, 22, 23], monoterpenoids [17, 24], and
steroidal constituents such as Chouchunsteride A–D [18, 25].
These bioactive compounds, through their antioxidant and anti-
infammatory biofunctions, are likely to underlie the behavioral
improvements and histological protection observed in our
treated groups, further supporting the neuroprotective potential
of Ailanthus altissima.

2 | Materials and Methods

2.1 | Materials

Aluminum chloride (AlCl3, ≥ 99% purity) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Bark samples of Ailanthus
altissimawere obtained in late 2023 from Kermanshah, Iran, and
taxonomically verifed by the Herbarium, Faculty of Pharmacy,
Kermanshah University of Medical Sciences (confrmed by Dr.
Mohammad Bagher Majnooni). A voucher specimen (AA-
2023–07) was deposited.

Powdered dried bark (100 g) underwent Soxhlet extraction with
70% ethanol, after which the solvent was evaporated under re-
duced pressure and the extract dissolved in normal saline.

Previous GC–MS profling of Ailanthus altissima trunk bark
identifed α-pinene and β-pinene as the predominant volatile
components [15, 21]. As phytochemical composition may vary
with geographical origin and extraction conditions, these data
are provided as reference information.

2.2 | Animals and Experimental Procedures

A total of 32 adult male Wistar rats, weighing 200–230 g, were
provided by the Aftab Lorestan Institute (Iran). Animals were
kept in a regulated laboratory environment (24± 2°C; 60± 5%
humidity; and 12-h photoperiod) and allowed free access to food
and drinking water [26]. All procedures were conducted in ac-
cordance with the guidelines of the Iranian National Institute of
Health and approved by the Ethics Committee of Kermanshah
University of Medical Sciences (IR.KUMS.AEC.1400.010).

Animals were randomly assigned to four groups (n= 8).

1. Control (saline, i.p., 14 days);

2. AlCl3-treated (100 mg/kg, i.p., 14 days);
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3. AlCl3 +A. altissima extract (50 mg/kg, oral, 14 days fol-
lowing AlCl3);

4. AlCl3 +A. altissima extract (100 mg/kg, oral, 14 days fol-
lowing AlCl3).

The doses of Ailanthus altissima extract were selected based on
previous in vivo studies demonstrating efcacy and safety within
this range [26, 27]. This study followed a therapeutic protocol in
which extract administration was initiated after aluminum-
induced neurotoxicity.

2.3 | Behavioral Assessments

Behavioral tests were performed after treatment using standard
protocols described previously, with minor modifcations.

2.3.1 | Open Field Test (OFT)

Locomotor activity was assessed using the OFT as described
elsewhere [28]. Rats were evaluated on Days 8 and 14. Total
crossings, rearing frequency, and grooming behavior were
recorded during a 10-min session.

2.3.2 | Elevated Plus Maze

Anxiety-like behavior was evaluated using the elevated plus
maze according to established methods. Rats were placed in the
open arm, and the latency to enter a closed arm was recorded on
Days 8 and 14 [27].

2.3.3 | Passive Avoidance Test

Learning andmemory were assessed using the passive avoidance
paradigm as previously reported [29–31]. Initial transition la-
tency (ITL) and step-through latency (STL) were recorded during
acquisition and retention sessions conducted on Days 7-8 and 13-
14, respectively.

2.4 | Histopathological and Immunohistochemical
Analysis

Following behavioral testing, animals were euthanized with ket-
amine (80mg/kg) and xylazine (10mg/kg). Hippocampal tissues
were isolated, fxed in 4% paraformaldehyde, and processed for he-
matoxylin and eosin staining [28, 29]. Histological evaluation was
performed using a light microscope at 400×magnifcation.

Immunohistochemical detection of nuclear factor kappa B (NF-
κB), glial flamentous acidic protein (GFAP), and Aβ was con-
ducted using standard afnity-based protocols with minor
modifcations [30]. Primary antibodies against NF-κB, p65, and
GFAP were applied overnight, followed by incubation with
appropriate secondary antibodies. Visualization was achieved
using DAB, and sections were counterstained with hematoxylin.

Quantitative analysis was performed using ImageJ software.
Three sections per animal and three random felds per section
were analyzed by an investigator blinded to group allocation.

2.5 | Statistics

Statistical analyses were performed using GraphPad Prism v9.0.
Data were analyzed by one-way ANOVA followed by Tukey’s
post hoc test. Normality and homogeneity of variance were

confrmed prior to analysis. Results are expressed as the
mean± SEM, with statistical signifcance set at P < 0.05.

3 | Results

3.1 | Elevated Plus Maze Test

According to Figure 1(a), the group exposed to AlCl3, compared
with the control, exhibited a notable increase in transfer latency,
indicative of cognitive impairment (30.5 vs. 13.1 s, respectively, p
value < 0.001). The group treated with 50mg/kg of extract had
a notable decrease in transfer latency on Day 8 when compared
with the AlCl3 group (17.41 vs. 30.5 s, respectively, p < 0.01). The
group treated with 100 mg/kg of extract had a notable decrease in
transfer latency on Day 8 when compared with the AlCl3 group
(11.8 vs. 30.5 s, respectively, p < 0.001), suggesting a notable
enhancement in cognitive function.

The results on Day 14 also showed a similar trend in which the
group exposed to AlCl3, compared with the control, exhibited
a notable increase in transfer latency (28.2 vs. 14.7 s, respectively,
p value < 0.001). The group treated with 50mg/kg of extract had
a notable decrease in transfer latency on Day 14 when compared
with the AlCl3 group (18.4 vs. 28.2 s, respectively, p < 0.05). The
group treated with 100 mg/kg of extract had a notable decrease in
transfer latency on Day 14 when compared with the AlCl3 group
(13.4 vs. 28.2 s, respectively, p < 0.01).

3.2 | OFT

Figure 1(b) represents the results of the OFT. On Day 8, the
AlCl3-treated group showed the least number of observed
rearing, grooming, licking, and crossing-line behaviors compared
with the control group. In the case of rearing behavior, when
compared with the control group, this group had the least mean
number of observations (21.25 vs. 10.96, respectively, p value
< 0.01). The AlCl3-treated group, which received 50mg/kg of
extract, showed an improvement, but it was not statistically
signifcant when compared with the AlCl3 group (15.96 vs. 10.96,
respectively, p > 0.05). However, the AlCl3-treated group which
received 100mg/kg of the extract showed a notable improvement
(20.57 vs. 10.96, respectively, p < 0.01).

A similar trend was seen in the results obtained on Day 14. The
mean number of rearing behaviors dropped signifcantly in the
AlCl3 group when compared with the control group (3.42 vs.
12.98, respectively, p < 0.01). A 50mg/kg dose of extract could
not reverse the efect (8.20 vs. 3.42, respectively, p > 0.05). A
100mg/kg extract dose could efectively reverse the efect (9.60
vs. 3.42, respectively, p < 0.05).

Importantly, no apparent motor impairment or abnormal loco-
motion was observed during habituation or testing sessions in
any of the groups. The comparable general activity between
extract-treated and control rats suggests that the diferences
observed in behavioral outcomes were primarily due to cognitive
efects rather than motor dysfunction.

Figure 2(a) provides information regarding line crossing be-
havior. AlCl3 markedly reduced line-crossing activity compared
with the control group on both Day 8 and Day 14. Although both
extract-treated groups showed partial improvement, only the
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100mg/kg dose produced a signifcant increase in line-crossing
behavior on Day 14.

Figure 2(b) shows grooming behavior, which was signifcantly
decreased in the AlCl3-treated group on both observation days.
Treatment with 50 and 100mg/kg extract signifcantly improved
grooming behavior on Day 8, while on Day 14, only the 100mg/
kg dose produced a signifcant reversal of AlCl3-induced defcits.

3.3 | Passive Avoidance Test

Figure 3 displays rats’ memory and learning results as assessed by
the passive avoidance test. As for STL, on the experiment days
(Days 8 and 14), the procedure was repeated to assess the rats’
cognitive abilities in recalling the previous day’s electric shock
experience and to determine whether the tendency to enter the
dark room had diminished. If the rats remember the experience,
they likely show a diminished tendency to enter the dark
chamber. According to Figure 3(a), there were no signifcant
changes observed in the ITL test results of the tested groups
(p > 0.05). Figure 3(b) represents the data obtained from the STL
test. In both observation days (8 and 14), AlCl3-treatment re-
duced STL (117 and 126 s, respectively vs. 300 s, p < 0.001). In

observations recorded on Day 8, the rat group that received
50mg/kg of extract had a notably higher STL when compared
with AlCl3-treated rats (259 s vs. 117, respectively, p < 0.001).
The rat group that received 100mg/kg of the extract also dem-
onstrated a notably higher STL when compared with AlCl3-
treated rats (261 s vs. 117, respectively, p < 0.001). When the test
was performed on Day 14, the group that received 50mg/kg of
extract had a notably higher STL when compared with AlCl3-
treated rats (213 s vs. 126, respectively, p < 0.05). Treating with
100mg/kg of the extract showed more profound results and
could reverse the efects of AlCl3 more efectively (251 s vs. 126,
respectively, p < 0.01).

3.4 | Immunohistochemical

3.4.1 | NF-KB

The NF-κB protein family comprises NF-κB1 (p105/p50), NF-κB2
(p100/p52), RelA (p65), RelB, and c-Rel.

Once activated, NF-κB is translocated to the nucleus to promote
the transcription of target genes, leading to the activation of
oxidative stress and proinfammatory signals like NLRP3
infammasome, which promotes increased infammation and
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FIGURE 1 | (a) Transfer latency in rats across diferent treatment groups on Days 8 and 14. The graph illustrates the efects of AlCl3 exposure and
subsequent treatment with varying doses of extract on cognitive function in rats, as measured by transfer latency. AlCl3-exposed rats showed sig-
nifcantly increased transfer latency compared with controls on both Day 8 (30.5 vs. 13.1 s, p < 0.001) and Day 14 (28.2 vs. 14.7 s, p < 0.001), indicating
cognitive impairment. Treatment with 50mg/kg and 100mg/kg of extract signifcantly reduced transfer latency in AlCl3-exposed rats on both days, with
the higher dose showing more pronounced efects. On Day 8, the 100mg/kg dose reduced latency to near-control levels (11.8 vs. 30.5 s in the AlCl3-
treated group, p < 0.001). Similar trends were observed on Day 14, suggesting that the extract may have a protective efect against AlCl3-induced
cognitive impairment. Figure 1(b) shows open-feld test results. The AlCl3-treated group exhibited signifcantly reduced behaviors compared with the
control. 50 mg/kg extract treatment showed slight improvement, while 100mg/kg extract signifcantly reversed AlCl3 efects, particularly in rearing
behavior. Similar trends were observed on Day 14, with the AlCl3 group showing markedly decreased rearing. The 100mg/kg extract dose efectively
counteracted AlCl3’s impact, while the 50mg/kg dose had a limited efect.
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damage to neurons [31]. Investigation of NF-κB1 expression in
the hippocampal nerve revealed that AlCl3-induced AD increases
the NF-κB1 expression as a sign of neuroinfammation when
compared with the control (13.3% vs. 3.35%, respectively,
p < 0.01). As expected, the rat group that received 50mg/kg of
extract showed a signifcant decrease when compared with the
AlCl3 group (6.64% vs. 13.3%, respectively, p < 0.05). The fnd-
ings in 100mg/kg of extract-receiving rats were much more
profound (4.45 vs. 13.3%, respectively, p < 0.01) (Figure 4).

3.4.2 | GFAP

Reactive astrocytes are characterized by increased expression of
GFAP, vimentin, and nestin [32]. The type III intermediate fl-
ament family, which includes vimentin, desmin, GFAP, and
peripherin, preserves the structural integrity and architecture of
diferent cell types [33].

GFAP is considered a biomarker of astroglial pathologies. It is the
main intermediate protein of the mature astrocyte flaments,
which is associated with their diferentiation [34, 35].

The results of the specifc immunohistochemistry (IHC) staining
of GFAP are presented in Figure 5. According to this graph, the
bar representing the GFAP in the AlCl3 group towers over the
control, indicating a substantial increase in GPAP positivity in
this group (18.65% vs. 4.23%, respectively, p < 0.001). In-
terestingly, in both two groups of rats receiving extract, the rate of
FPAP positivity was substantially reduced in which the rat group
that received 50mg/kg of extract showed a signifcant decrease
when compared with the AlCl3 group (11.8% vs. 18.65%,

respectively, p < 0.05). The results of the group receiving 100mg/
kg dose of extract were much more profound (7.7% vs. 18.65%,
respectively, p < 0.01).

3.4.3 | Aβ

Aβ peptide and hyperphosphorylated tau protein form protein
aggregates in the cortex and hippocampus of the brains of in-
dividuals with AD. Through the amyloidogenic process, amyloid-
β protein precursor (AβPP) is proteolyzed to produce Aβ peptide
[36]. Figure 6 provides information regarding the IHC staining of
Aβ. It depicts how efective the application of AlCl3 could be in
the induction of AD characterizations in the brain. A dramatic
surge is evident in the percentage of Aβ positivity in the AlCl3
group when compared with the control group (11.25% vs. 2.1%,
respectively, p < 0.001). In both extract-receiving rat groups, the
percentage of Aβ decreased; however, unlike the 100mg/kg
extract-receiving group, the other group did not show statistical
signifcance when compared with the AlCl3 group (7.1% in the
50mg/kg-receiving group (p > 0.05) and 3.6% in the 100mg/kg
extract-receiving group (p < 0.01)).

4 | Discussion

AD is characterized by cognitive decline, memory impairment,
and neuroinfammation, with Aβ accumulation and astrocytic
activation contributing to disease progression. In this study,
behavioral assessments revealed that AlCl3 administration im-
paired memory and learning in rats, as evidenced by defcits in
tasks evaluating cognitive performance. Treatment with
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FIGURE 2 | Efects of AlCl3 and extract treatments on rat line crossing and grooming behaviors. (a) Line crossing behavior: AlCl3 signifcantly
reduced line crossings compared with control on both days. Extract treatments showed improvement, with 100mg/kg dose signifcant on Day 14. (b)
Grooming behavior: AlCl3 decreased grooming compared with control. Both extract doses signifcantly improved grooming on Day 8, while only
100mg/kg dose showed signifcant improvement on Day 14.
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Ailanthus altissima extract signifcantly improved these behav-
ioral outcomes in a dose-dependent manner, suggesting that the
extract can mitigate AlCl3-induced cognitive defcits. These
fndings are consistent with prior studies demonstrating the
extract’s anxiolytic and memory-enhancing properties in rodent
models [27], likely mediated by its antioxidant and anti-
infammatory activities that protect neuronal circuits and syn-
aptic function.

At the molecular level, AlCl3-induced neurotoxicity was asso-
ciated with marked activation of NF-κB in the hippocampus,
refecting an infammatory response. Elevated GFAP expression
further indicated astrocytic activation, while increased Aβ de-
position confrmed ongoing neurodegenerative processes.
Treatment with Ailanthus altissima extract attenuated NF-κB
activation, reduced GFAP expression, and decreased Aβ accu-
mulation, highlighting its multifaceted neuroprotective efects.
The modulation of these markers suggests that the extract may
simultaneously suppress proinfammatory signaling, reduce
astrocytosis, and promote mechanisms involved in amyloid
clearance, which together contribute to improved cognitive
function.

The observed neuroprotective efects are likely attributable
to the diverse phytochemical constituents of Ailanthus
altissima, including alkaloids, monoterpenoids, and
steroidal compounds. Previous studies have shown that these
compounds possess antioxidant properties, inhibit

acetylcholinesterase and butyrylcholinesterase, and modu-
late infammatory pathways [37–40]. It is plausible that the
synergistic action of these bioactive compounds underlies the
behavioral improvements and histological protection ob-
served in our study.

Despite these promising fndings, several limitations should be
considered. Serum levels of proinfammatory cytokines (e.g.,
TNF-α and IL-6) were not measured, which could have provided
further mechanistic insight into NF-κB modulation [41]. The
extract was tested as a whole, without isolation or chemical
standardization of active components via LC–MS or HPLC.
Furthermore, the study lacked a standard treatment group (e.g.,
donepezil) and an extract-only group, which limits the ability to
benchmark the extract’s efcacy against established therapies.
Nevertheless, the extraction method followed a validated
hydromethanolic protocol previously applied in comparable AD
models [42], ensuring consistency and reliability of the extract’s
bioactivity.

Future studies should focus on isolating and characterizing
the active compounds responsible for the neuroprotective
efects, evaluating serum biomarkers of infammation, and
including standard treatment and extract-only groups. Ad-
ditionally, measuring early astrocytic markers such as GFAP
and other emerging biomarkers like YKL-40 (CHI3L1) could
provide deeper insights into the mechanisms of neuro-
infammation and astrocytosis in AD [43, 44]. Collectively,
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FIGURE 3 | Passive avoidance test in animals exposed to AlCl3 and treated with extract. (a) There were no signifcant changes in the results of the
ITL test observed in the tested groups (p > 0.05) and (b) step-through latency (STL) test results. AlCl3 treatment signifcantly reduced STL on Days 8 and
14 compared with control (p < 0.001). Both extract doses (50 and 100mg/kg) signifcantly increased STL compared with the AlCl3 group on Day 8
(p < 0.001). On Day 14, 50 mg/kg extract showed improvement (p < 0.05), while 100mg/kg extract demonstrated a more efective reversal of AlCl3
efects (p < 0.01), indicating dose-dependent memory enhancement.
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FIGURE 4 | The efect of AlCl3-mediated AD on the expression of NF-κB. Immunohistochemical staining of NF-κB in the hippocampus. AlCl3-
induced AD signifcantly increased NF-κB1 expression compared with the control group (13.3% vs. 3.35%, p < 0.01). Treatment with 50mg/kg of extract
signifcantly reduced NF-κB expression compared with the AD group (6.64% vs. 13.3%, p < 0.05). A higher dose of 100mg/kg extract showed an even
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C
on

tr
ol

A
lC

l 3

A
lC

l 3 +
 e

xt
ra

ct
 (5

0 
m

g/
kg

)

A
lC

l 3 +
 e

xt
ra

ct
 (1

00
 m

g/
kg

)

20 ***
###

###

15

10

5G
FA

P 
po

si
tiv

ity
 (%

)

GFAP positivity (%)

0

Control AlCl3 AlCl3 + extract (50 mg/kg) AlCl3 + extract (100 mg/kg)

FIGURE 5 | GFAP immunohistochemistry staining in the hippocampus of rats. The AlCl3 group shows a signifcant increase in GFAP positivity
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showing a signifcant decrease (11.8%, p < 0.05) and the 100mg/kg group exhibiting an even more profound reduction (7.7%, p < 0.01) compared with
the AlCl3 group.
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our fndings suggest that Ailanthus altissima extract exhibits
promising dose-dependent neuroprotective efects by mod-
ulating behavioral, histological, and molecular parameters in
an experimental AD model.

5 | Conclusion

AlCl3 could efectively develop AD-like cognitive and memory
impairments and neurobiological impacts on the hippocam-
pus including the increase of NF-κB, GFAP, and Aβ in our rat
model, which could be reversed by taking the Ailanthus
altissima extract. Both 50 and 100 mg/kg dose groups
exhibited a statistically signifcant reduction. The observed
reversing efects followed a dose-dependent pattern, showing
the 100 mg/kg dose could be more efective in mitigating AlCl3
efects. The outcomes of this study suggest that prolonged
pretreatment with Ailanthus altissima extract may alleviate
the efects of drugs, agents, and chemicals on the nervous
system, and Ailanthus altissima extract could be used as
a promising neuroprotective herbal product.

Nomenclature

AD Alzheimer’s disease

AlCl3 Aluminum chloride

APP Amyloid precursor protein

DAB 3,3′-diaminobenzidine

EDTA Ethylenediaminetetraacetic acid

GFAP Glial flamentous acidic protein

H&E Hematoxylin and eosin

MCP1 Monocyte chemotactic protein-1

NF-κB Nuclear factor kappa B

NHS Normal horse serum

NFTs Neurofbrillary tangles

OFT Open feld test

PBS Phosphate-bufered saline

PGE2 Prostaglandin E2

TNF Tumor necrosis factor
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