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Background: Numerous pieces of evidence support that oxidative stress is a key factor in 
the pathogenesis of neurodegenerative diseases, like Alzheimer’s Disease (AD). Suppression 
of oxidative stress is an attractive strategy and flavonoids as potent natural antioxidants are 
extremely noticeable. 
Objectives: In this study, the effects of Kaempferol (KMP) were evaluated on passive avoidance 
memory, hippocampal Nrf-2, and beclin-1 expression in a rat model of Aβ1-42 –induced AD.
Materials & Methods: Forty male Wistar rats weighing 200-250 g were divided into five 
groups (n=8); sham-operated, AD model, and KMP treatment (5, 7.5, 10 mg/kg, i.p. for three 
weeks). Animals received an intracerebroventricular injection of amyloid-beta (1-42) to 
establish an AD model. Passive avoidance memory of rats was evaluated using a shuttle box 
on day 21; Step-Through Latency (STL) and time spent in The Dark Compartment (TDC) 
were recorded. Then, hippocampus homogenates were used for biochemical and molecular 
analysis by real-time PCR, western blot, and ELISA.
Results: It was found that KMP improved memory evidenced by increased STL (P≤0.05) 
and decreased TDC (p≤0.01). KMP also increased the levels of Total Antioxidant Capacity 
(TAC) in the hippocampus of rats (P≤0.05). In addition, KMP enhanced the expression of Nrf-
2 mRNA (P≤0.001) and beclin-1 protein in the hippocampus tissues (P≤0.001).
Conclusion: Overall, it is suggested that the memory-improving effect of KMP is mediated, 
at least in part, by enhancing Nrf-2 and TAC. KMP is also able to induce autophagy through 
the expression of beclin-1.
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Introduction

lzheimer’s Disease (AD) is the most 
common form of dementia in the elder-
ly. It is an irreversible neurodegenera-
tive disorder that is identified by mem-
ory loss and cognitive impairment. 

The pathogenesis of AD has been the subject of several 
studies and hypotheses, such as the amyloid cascade, 
the cholinergic, and tau hypotheses have been proposed; 
however, many molecular aspects of the disease remain 
unclear [1]. The Amyloid-Beta (Aβ) cascade, the most 
accepted hypothesis for AD, assumes that an early-stage 
factor in the initiation of the disease is the imbalance be-
tween the generation and clearance of Aβ peptides [2]. 
Although extracellular Aβ plaques and intraneuronal 
Neurofibrillary Tangles (NFT) are the basic features of 
AD neuropathology, it is proposed by several studies in 
the literature that deficits in autophagy–lysosomal path-
way are likely to precede the formation of these patho-
logical hallmarks [3, 4]. 

Autophagy is a vital lysosomal mechanism, which de-
grades misfolded/unfolded proteins and damaged organ-
elles in the cell [5]. It is extremely important in maintaining 
cellular homeostasis. Autophagy starts with the develop-
ment of phagophores for the purpose of isolating the long-
lived proteins and organelles, which elongates and fuses 
to form autophagosomes. The autophagosomes are trans-
ported towards lysosomes for lysosomal fusion. Beclin-1 
plays a vital function in the development of phagophore so 
that it can be considered as a marker of autophagy [6]. The 
pivotal role of dysregulated autophagy in neurodegenera-
tive diseases, where toxic protein aggregates and damaged 
organelles accumulate within particular types of neurons 
and contribute to neuronal dysfunction, has recently been 
shown in a system biology review [7]. 

Besides, deletion of nuclear factor E2-related factor 2 
(Nrf-2) deteriorates the autophagy dysfunction in AD 
model mice [8]. Nrf-2 is recognized as an antioxidant 
transcription master regulator. In the promoter of target 

antioxidant genes, Nrf-2 binds to the antioxidant response 
element and closely controls its transcription, thereby 
playing a crucial role in cellular protection [9, 10]. The 
activation of Nrf-2 can prevent or decrease cellular dam-
age associated with injuries to various tissues and also, 
genetically deleting Nrf-2 exacerbates neuronal death in 
different diseases [11]. Therefore, Nrf-2 is likely to be 
a potential therapeutic target in neurodegenerative dis-
eases, like AD. 

There is no treatment for AD to date, but the use of 
natural antioxidants may slow the disease’s pathogen-
esis [12]. Kaempferol (KMP) is commonly present in 
many vegetables and fruits as a natural flavonoid (e.g., 
tea leaves, broccoli, berries, and medlar). Several studies 
have shown that KMP has a broad range of biological 
and pharmacological properties, including antioxidant, 
anti-inflammatory, and anticancer effects [13, 14]. The 
neuroprotective effect of KMP has been shown in many 
studies. Yang et al. demonstrated that KMP protected 
neurons by controlling the expression levels of apopto-
sis-associated proteins, including Bcl-2, Bid, apoptosis-
inducing factor, and MAPK in glutamate-traded HT22 
hippocampal neurons [15]. Zarei et al. suggested that 
KMP can improve memory via the cholinergic system 
in scopolamine-induced memory impairment [16]. Also, 
Beg et al. investigated the effect of KMP against the 
transgenic Drosophila. They found that exposing the AD 
flies to KMP slowed the impairment of climbing ability, 
memory, reduced oxidative stress, and acetylcholinester-
ase activity [17]. These findings suggest that KMP could 
likely attenuate AD pathology. In the current study, we 
investigated the effect of KMP on passive avoidance 
memory and Total Antioxidant Capacity (TAC) in a rat 
model of AD. We also examined the Nrf-2 gene expres-
sion and beclin-1 protein to define the possible protec-
tive mechanism of KMP. 

A

Highlights 

● Kaempferol isolated from Mespilus germanica leaves attenuates memory deficit in Aβ-induced Alzheimer’s Disease 

● Kaempferol increased the expression of Nrf-2 mRNA and total antioxidant capacity in the hippocampus of rats with 
Aβ-induced Alzheimer’s Disease 

● Kaempferol increased the expression of beclin-1 in the hippocampus of rats with Aβ-induced Alzheimer’s Disease 
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Materials and Methods

Materials

Aβ1-42, Tris-HCl, NaCl, sodium deoxycholate, SDS, 
EDTA, Triton x-100, and cocktail protease inhibitor 
were purchased from Sigma (Sigma-Aldrich, USA). An-
tibodies against beclin-1 and beta-actin were obtained 
from Santa Cruz (Santa Cruz Biotechnology, Inc. USA).

Extraction and isolation of kaempferol

Mespillus Germanica leaves collected from the forests 
of northern Iran were confirmed by a specialist from the 
herbarium center of the Guilan University (Herbarium 
code of 6157). Medlar flavonoids were extracted and 
purified as described in our previous study [18]. Briefly, 
this was achieved by dissolving 5 g of the dried leaves 
in 104 mL of 70% ethanol, which was stored in a rotary 
evaporator at a temperature of 40°C with a speed of 40 
m/s. Then, pure flavonoids were obtained using a mix-
ture of 2 molars of hydrochloric acid and ethyl acetate in 
the rotary evaporator. Next, all the extract components 
were detected by two-dimensional paper chromatog-
raphy (at 366 and 254 nm). Finally, KMP was isolated 
using thin-layer chromatography and high-performance 
thin-layer chromatography.

Animals 

Forty male Wistar rats weighing 200-250 g and aged 
3 months were used in this study. During 12 h light and 
dark periods (lights on 7:00h) with unrestricted access to 
food, the animals were kept in cages (standard rat labo-
ratory diet and tap water). The room temperature was 
kept at 22±2°C. 

The animals were divided randomly into five groups 
(n=8): (1) Saline/saline as a sham-operated group, (2) 
Aβ1-42 /saline as an AD model group; (3) Aβ1-42 /
KMP (5 mg/kg), (4) Aβ1-42 /KMP (7.5 mg/kg), and (5) 
Aβ1-42 /KMP (10 mg/kg).

The guidelines of “institutional Guide for Care and Use 
of Laboratory Animals” were followed in all the experi-
ments on animals. Furthermore, our experiments were 
approved by the Ethics Committee of Guilan University 
of Medical Sciences (Code: IR.GUMS.REC.1396.203).

Stereotaxic surgery

Using a mixture of ketamine (100 mg/kg)/xylazine 
(5 mg/kg), the rats were anesthetized and placed in a 
stereotaxic instrument (Stoelting, Chicago, IL, USA). 

Animals were bilaterally cannulated (22 gauge guide 
cannulae) according to ventricular coordinates: DV=3 
mm from skull surface; anteroposterior=−0.8 mm from 
the bregma; lateral: 1.6mm from midline), based on the 
atlas of Paxinos and Watson of rat brain [19]. Microin-
jections were performed by a 27-gauge injector cannula 
that was connected to a short piece of polyethylene tube 
and a 10 µl Hamilton syringe.

Drugs and treatment 

Aβ1-42 at 2 μg/μl concentration was dissolved in 0.9% 
saline and incubated for three days to aggregate at room 
temperature [20]. The therapeutic period was 21 days 
for each group. In the AD model group and Aβ+KMP 
groups, the rats were injected on the first day with Aβ1-
42 (2 μg/μl; ICV; bilateral; 4 μl volume on each side), 
while in the control group, they were injected with sa-
line (ICV; bilateral with 4 μl volume on each side) on 
the first day. All groups were injected over three weeks 
by different doses of KMP (5, 7.5, 10 mg/kg; intraperi-
toneal (i.p.)) or saline (1 ml/kg, i.p.) [18].

Behavioral test

The rats were tested for memory retention deficits 
using passive avoidance apparatus on days 20 and 21 
following ICV injection of Aβ. The step-through pas-
sive avoidance apparatus consisted of two chambers 
(30cm×20cm×20 cm, each) one of them is made up of 
transparent plastic and the other one is a dark chamber 
with walls and ceiling made up of dark opaque plastic. 
A rectangular opening (8cm×8cm) was located between 
the two chambers, which could be closed by an opaque 
guillotine door. The floor was made of stainless steel 
rods (2 mm in diameter) spaced 1 cm apart from both 
chambers. The floor of the dark compartment could be 
electrified. The apparatus was installed in a room, which 
was acoustically insulated.

In order to investigate the acquisition and recovery 
of memory based on negative reinforcement, the step-
through form of passive avoidance task was used, as 
described elsewhere [21]. One day before initiation of 
the tests, animals were placed in the light chamber and 
were allowed to move freely inside both dark and light 
encasements for 5 minutes, in order to become adapted 
to the apparatus. After 30 min, the habituation process 
was repeated again. 

Then, the day after the habit of the shuttle box, rats 
were placed in the lighted chamber, the door was lifted 
after 10s, and crossover latency was recorded. After the 
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entrance of the rat to the dark compartment, the door was 
closed behind it and a shock (50Hz, 1mA, 3s duration) 
was delivered. Immediate memory was tested in 5min 
immediately after training. Also, 1 and 24 hours after 
training, retention tests were conducted to determine 
short and long-term memory. The rats were put in the 
lighted space, the door was opened 10 s later, and up to 
300 s. The Step-Through Latency (STL) and the time 
spent in The Dark Compartment (TDC) were measured. 
The electric shocks were not applied to the grid floor 
during this session. 

Tissue preparation 

Following the behavioral test, animals were decapitated 
under anesthesia and their brains were quickly removed 
and cleaned with ice-cold saline. Then, the hippocam-
pus was dissected and stored at -80°C. To prepare the 
homogenized tissue, a lysis buffer containing Tris-HCl, 
pH8.0, NaCl, Sodium deoxycholate, SDS, EDTA, Triton 
x-100, and cocktail protease inhibitor was used. Then, 
the lysate was subjected to centrifugation at 3000g for 
10 min to collect the supernatant [20]. Protein concentra-
tions were measured using the Bradford method. For the 
calibration process, bovine serum albumin was used as 
the reference standard. 

Western blot

The total proteins were electrophoresed in 12% sodium 
dodecyl Sulfate-Polyacrylamide Gel Electrophoresis 
(SDS-PAGE), as described before [22]. The isolated pro-
teins bands were then moved to Polyvinylidene Fluoride 
(PVDF) membranes (Amersham Biosciences; USA) by 
western blotting and were probed with specific antibod-
ies. Expression of beclin-1 in rat brain was determined by 
an antibody directed against beclin-1 (rabbit polyclonal 
antibody, Inc, China). As a positive control, β-actin 
(mouse monoclonal, sc-47778, Santa Cruz Biotechnol-
ogy, Inc) was applied. Primary antibodies were detected 
using horseradish peroxidase-conjugated secondary an-
tibody (anti-mouse IgG, AP7170, Razi biotech, Tehran, 
Iran and antirabbit IgG, DB-9572, DNA biotech, Teh-
ran, Iran). Immunoreactive polypeptides were detected 
by chemiluminescence using enhanced ECL reagents 
(Amersham Biosciences, USA) and were used followed 
by an investigation of autoradiography. Finally, using a 
densitometric scan of films with image j software (NIH, 
USA), band densities were measured. 

Real-Time PCR 

The mRNA levels of Nrf-2 were determined by quan-
titative real-time PCR [23]. Using TRIzol reagents, 
complete RNA was removed from the rat hippocampus 
(Qiazol, USA). It was then quantified and the purity 
was measured by spectrophotometry; the 260:280 ratios 
were 1.8-2.0. Then, the RNA was treated with DNase I 
to remove genomic DNA contamination. Complementa-
ry DNA (cDNA) was synthesized using the Thermo sci-
entific cDNA synthesis package from 1 μg of total RNA 
(USA). Real-time PCR was performed in a 10 µl reac-
tion using Maxima SYBER Green /ROX qPCR Master 
Mix (Amplicon, Denmark), specific primer sequence 
[(Nrf-2-forward- GAAAACGACAGAAACCTCCATC 
and reverse-CTCCATCCTCCCGAACCT) and (GAP-
DH-forward-AAG TTC AAC GGC ACA GTC AAG 
G and reverse-AAG TTC AAC GGC ACA GTC AAG 
G)], and a LightCycler 480 real-time PCR system (ABI 
step one, USA). Reaction procedures were as follows: an 
initial step at 95°C for 15 min, 40 cycles 95°C for 15 s, 
40 cycles 60°C for 30 s (two times), and 60-90 °C for 30 
s. GAPDH was used as an internal control and the rela-
tive fold differences were calculated by the comparative 
cycle threshold method.

ELISA 

TAC was measured by the TAC assay kit (Zellbio 
GmbH, Germany). For this reason, after homogeniza-
tion, the levels of TAC were determined according to 
the manufacturer’s instruction. Briefly, 10µl of the su-
pernatant of each sample or standard was incubated with 
190µl working chromogen reagent and OD1 was read at 
490 nm. Then, 50 µl of metal ion solution was applied 
and incubated at room temperature for 2 min. Then, a 
stop solution was added and the OD2 was recorded at 
490nm. ΔOD is equal to OD2-OD1. TAC concentration 
(mM) was calculated based on a standard curve, which 
was drown using standard ΔOD absorbance against the 
standard concentrations [23].

Statistical analysis

Data are reported as Mean±SEM (Standard Error 
Mean). Data were analyzed by One-Way Analysis of 
Variance (ANOVA) followed by a Tukey’s post-hoc test 
for multiple comparisons, except for some behavioral 
data, which were evaluated by the Kruskal-Wallis test. A 
value of P<0.05 was considered to be significant. SPSS 
v. 23 software was used for statistical analysis (IBM 
Corporation, Chicago, IL, USA).
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Results

Effect of Kaempferol on passive avoidance memory

Passive avoidance test results in late retrieval showed 
that STL significantly reduced in the Aβ group (21.57± 
7.2; P=0.029) compared to the saline group (139.37± 
26.5). However, treatment with KMP at 10mg/kg 
(156±15.78; P=0.004) significantly increased STL on the 
retrieval day. In addition, TDC increased significantly in 
the Aβ group (63.42±10.3, P= 0.031) compared to the 
saline group (10±5.3). A significant reduction was de-
tected in the Aβ±KMP 10 group (12.37±13.1, P= 0.011) 
in comparison with the Aβ group. These data suggest 
that KMP treatment (10 mg) had beneficial effects on the 
memory deficit of rats caused by Aß1-42 (Figure 1). 

Effect of Kaempferol on the expression of NRF-2 
mRNA in the hippocampus of rats

Nrf-2 mRNA expression significantly down-regulated 
(0.006± 0.0004) in the Aβ group compared to the saline 
group (0.039±0.008, P= 0.02). However, the mRNA 
expression of the hippocampal Nrf-2 significantly in-
creased in the Aβ±KMP 10 group (0.045±0.01, P=0.005) 
compared to the Aβ group (Figure 2).

Effect of Kaempferol on the expression of Beclin-1 
protein in the hippocampus of rats

Western blot analysis of the hippocampus was per-
formed to assess beclin-1 protein expression levels. A 
one-way ANOVA showed differences between groups. 
As illustrated in Figure 3, the western blot assay revealed 

A

B

Figure 1. Effect of Amyloid-Beta (Aβ) and Kaempferol (KMP) (5, 7.5, and 10) on passive avoidance memory in the Shuttle box

A: Changes in step-through latency; and B: Total time spent in the dark compartment 24 hours after acquisition. Data are presented as 
Mean±SEM. *Compared to the saline group; #Compared to the Aβ group (Kruskal-Wallis test; n=8). 
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that Aβ treatment down-regulated the relative expres-
sion of beclin-1 (0.82±0.02) in the hippocampus com-
pared to the saline group (1.09±0.04) (P=0.004). How-
ever, the Aβ±KMP 5 (1.09±0.01, P=0.004), Aβ±KMP 
7.5 (1.40±0.05, P=0.00), and Aβ±KMP 10 (1.90±0.05, 
P=0.00) groups showed higher levels of beclin-1 protein 
in the hippocampus compared to the Aβ group.

Effect of Kaempferol on TAC levels in the hippo-
campus of rats

The levels of TAC significantly decreased in the 
Aβ group (1.05±0.007) compared to the saline group 
(1.47±0.029, P=0.00) as shown in Figure 4. However, 
animals treated with 10mg of KMP (1.38±0.03) showed 
a significant increase in the levels of TAC compared to 
the Aβ group. No significant change was observed be-
tween the Aβ+KMP 7.5 mg (1.15±0.1) and Aβ+KMP5 
(1.06±0.03) groups compared to the Aβ group (P=0.651 
and P=1, respectively).

Discussion

In this study, the effect and possible mechanism of 
KMP on the Aβ-model of AD in rats were investigated. 
The results achieved in our study showed that: 1) ICV 
injection of Aβ1-42 impaired memory and decreased the 
Nrf-2 mRNA and beclin-1 protein expression and TAC 
levels in the hippocampus of rats; 2) KMP (10mg/kg) 
reversed Aβ-induced memory impairment and increased 

the level of TAC and the relative expression of Nrf-2 
mRNA and beclin-1 protein. Accumulation of Aβ1-42 
in the brain is known to be responsible for the produc-
tion of senile plaque that disrupts synapses and leads to 
memory impairment and cognitive dysfunction [2]. Aβ 
interacts with different types of receptors, like insulin, 
RAGE, NMDA, nicotinic receptors, and ryanodine re-
ceptors. In addition, this molecule shows a broad range 
of toxic mechanisms, including mitochondrial dysfunc-
tion, calcium imbalance, oxidative stress, microglial 
activation, and apoptosis [24]. Aβ also forms insoluble 
assemblies (aggregation/accumulation), which are able 
to induce neurotoxicity [25]. As Aβ can be internalized 
or produced inside the cell, provides the opportunity to 
facilitate neurofibrillary tangle formation [26].

Growing numbers of natural products have been re-
searched over the last two decades in terms of their ef-
fects on neurodegenerative diseases. Flavonoids, 
through multiple direct and indirect effects, show sup-
pression of inflammation, oxidative stress, and cell 
death. One of these flavonoid, KMP, was found to at-
tenuate cognitive function [13]. KMP like the other 
flavonoids is able to cross the blood-brain barrier and 
may enhance many aspects of brain health. Our previ-
ous study showed that KMP improved spatial memory, 
via its antioxidant and anti-inflammatory properties in an 
Ovariectomized (OVX) rat model of sporadic dementia 
[18]. In addition, KMP improved memory by a reduc-
tion in oxidative stress and acetylcholinesterase activity 

Figure 2. Effect of Amyloid-beta (Aβ) and kaempferol (KMP) (5, 7.5, and 10) on the relative expression of Nrf-2 mRNA in the 
hippocampus of rats

GAPDH was selected as the reference gene. Each Bar represents Mean±SEM. *Compared to the saline group; #Compared to the Aβ 
group (one-way ANOVA and Tukey Post-Hoc Test; n=6).
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Figure 3. Effect of amyloid-beta (Aβ) and kaempferol (KMP) (5, 7.5, and 10) on the expression of beclin-1 in the hippocampus of rats

A: Western blot analysis showed beclin-1 levels in different groups; B: Quantification of protein levels of beclin-1. Β-actin was used as a 
loading control. Each Bar represents Mean±SEM. *Compared to the saline group; #Compared to the Aβ group (one-way ANOVA and 
Tukey Post-Hoc Test; n=3).

A

B

Figure 4. Effect of Amyloid-Beta (Aβ) and Kaempferol (KMP) (5, 7.5, and 10) on the total antioxidant capacity levels in the 
hippocampus of rats

Each Bar represents Mean±SEM. * Compared to the saline group; #Compared to the Aβ group (one-way ANOVA and Tukey Post-Hoc 
Test; n=6).
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in transgenic Drosophila [17]. The present study dem-
onstrated that KMP reversed Aβ1-42 -induced passive 
avoidance memory impairment in the shuttle box.

Of all the mechanisms involved in AD pathology, oxi-
dative stress is the most noteworthy. Numerous studies 
have provided evidence that aggregated Aβ peptides are 
involved in ROS generation [27-29]. The imbalance be-
tween ROS generation and removal creates oxidative 
stress. The neurons existing in the entorhinal cortex, hippo-
campus, frontal cortex, and amygdala are more vulnerable 
to oxidative stress harm and further AD progression [30]. 

Our results showed that chronic KMP treatment el-
evated the level of total antioxidant capacity in the hip-
pocampus of animals. In agreement with our result, Li et 
al. (2011) report that pretreatment with KMP markedly 
rehabilitated the superoxide dismutase and glutathione 
peroxidase operations in the MPTP model of Parkinson’s 
Disease [31]. Furthermore, Alnumeir et al. (2015) found 
that KMP administration to diabetic rats elevated enzy-
matic (superoxide dismutase, glutathione peroxidase, and 
glutathione-S-transferase) and nonenzymatic (vitamins C 
and E) antioxidants in the liver, kidney, and heart [32]. It 
has been shown that KMP could stop the self-assembly 
and consequently abrogate the toxicity of Aβ peptides to 
cells [33]. Hence, KMP could be neuroprotective not only 
because of its antioxidant effect but also because of its 
ability to interfere with Aβ pathogenesis.

We also demonstrated that this oxidative stress preven-
tion can be induced, at least in part, through Nrf-2 resto-
ration. Nrf-2 is a critical signaling pathway for oxidative 
stress because it regulates the expression of several anti-
oxidant enzymes, such as SOD, catalase, HO-1 [34, 35]. 
Our results indicated that the expression of Nrf-2 mRNA 
decreased in AD animals. However, a 21-day KMP treat-
ment could effectively reverse Nrf-2 mRNA expression 
levels. In line with our findings, Hussein et al. (2018) 
suggested that Nrf2 expression in the brain tissue plays 
an important role in the neuroprotective effects of KMP 
in chlorpyrifos-induced memory impairment in rats [23]. 

Because of its fast turnover, cells display low Nrf-2 pro-
tein levels under physiological conditions. In response to 
oxidative stress, it is accumulated and translocated to the 
nucleus. In the nucleus, Nrf-2 manages the transcription 
of ARE-containing genes, such as superoxide dismutase, 
catalase, NO-1, and HQ-1 that cause an antioxidant de-
fense system in cells [36].

Another relevant result found in our study was that 
KMP treatment induced the expression of beclin-1 pro-

tein in the hippocampus of AD animals. In this regard, 
Filomeni et al. (2012) found that KMP induced autoph-
agy in SH-SY5Y cells. According to their results, KMP 
induced the formation of autophagosomes and was an 
autophagic enhancer with the potential ability for therapy 
[37]. Aggregation of misfolded and unfolded Aβ proteins 
in the neurons forms the basis of one of the hypotheses 
in AD. These proteins are translocated into the mitochon-
dria leading to the disruption of mitochondrial oxidative 
phosphorylation, organelle damage, and finally, neuronal 
death. Autophagy is a physiologic mechanism to elimi-
nate these proteins and damaged organelles in the cyto-
plasm [6]. However, the role of autophagy in the patho-
genesis of AD continues to be controversial. Some studies 
have demonstrated the down-regulation of autophagy 
morphologically and genetically in AD brains [38]. On 
the other hand, research has shown that autophagy is in-
volved in AD pathogenesis. Using a transgenic model of 
AD, Nilson et al. (2013) reported the role of autophagy in 
Aβ metabolism, and more importantly, they found that it 
mediates the secretion of Aβ to extracellular space [39]. 
Thus, the role of autophagy in AD is not clear. Our find-
ings suggest that probably part of memory improvement 
in animals was due to autophagy activation.

Interestingly, KMP activates both Nrf-2 and beclin-1 
expression in the hippocampus of rats in our study. 
Jo et al. indicated that the activation of Nrf-2 induced 
the autophagy pathway [40]. Furthermore, Joshi et al. 
(2014) found that deletion of Nrf-2 causes autophagy 
dysfunction in the AD mice model [8]. Nrf2 has been 
shown to facilitate autophagy via the activation of the 
autophagosome cargo protein p62/sequestosome-1 (p62/
SQSTM1) and other genes linked to autophagy. Nrf-2 
knockdown decreases autophagic flux, while pharma-
cological activation of Nrf-2 enhances autophagy, and 
this corresponds strongly with changes in p62/SQSTM1 
rates [41, 42].

Conclusion

To sum up, we reported that KMP isolated from Mespi-
lus Germanica leaves was able to attenuate Aβ-induced 
memory impairment in rats. We proposed that this effect 
is mediated, at least in part, by enhancing Nrf-2 and 
TAC. KMP is also able to induce autophagy through the 
expression of beclin-1.

Jafari A, et al. Alzheimer’s Disease, Autophagy, Nrf-2 and, Kaempferol. Caspian J Neurol Sci. 2022; 8(1):7-16. 

http://cjns.gums.ac.ir/
https://en.wikipedia.org/wiki/Glutathione_peroxidase
https://en.wikipedia.org/wiki/Glutathione_peroxidase


15

January 2022, Volume 8, Issue 1, Number 28

Ethical Considerations

Compliance with ethical guidelines

All study procedures complied with the ethical guide-
lines of the Declaration of Helsinki 2013. Also, All 
experiments were carried out following the policies of 
the “institutional Guide for Care and Use of Laboratory 
Animals” and permission of the local Ethics Commit-
tee of Guilan University of Medical Sciences (Code: 
IR.GUMS.REC.1396.203). 

Funding

This study was supported by the Guilan University of 
Medical Sciences (Grant No.: 96023009).

Authors' contributions

Conceptualization, methodology, writing the original 
draft: Adeleh Jafari and Kambiz Rohampour; Methodol-
ogy, supervision, review, and edition of the draft: Adeleh 
Jafari, Parvin Babaei, Kambiz Rohampour; Data collection: 
Samira Rashtiani; Funding acquisition: Adeleh Jafari.

Conflict of interest

The authors declared no conflicts of interests.

Acknowledgements

The authors are grateful to the Guilan University of 
Medical Sciences for the financial support of this work.

References

[1] Kumar K, Kumar A, Keegan RM, Deshmukh R. Recent ad-
vances in the neurobiology and neuropharmacology of Alz-
heimer’s disease. Biomed Pharmacother. 2018; 98:297-307. 
[DOI:10.1016/j.biopha.2017.12.053] [PMID]

[2] Sadigh-Eteghad S, Sabermarouf B, Majdi A, Talebi M, 
Farhoudi M, Mahmoudi J. Amyloid-beta: A crucial factor 
in Alzheimer’s disease. Med Princ Pract. 2015; 24(1):1-10. 
[DOI:10.1159/000369101] [PMID] [PMCID]

[3] Nixon RA, Yang DS, Lee JH. Neurodegenerative lysosomal 
disorders: A continuum from development to late age. Au-
tophagy. 2008; 4(5):590-9. [DOI:10.4161/auto.6259] [PMID]

[4] Zare-Shahabadi A, Masliah E, Johnson GVW, Rezaei N. Au-
tophagy in Alzheimer’s disease. Rev Neurosci. 2015; 26(4):385-95. 
[DOI:10.1515/revneuro-2014-0076] [PMID] [PMCID]

[5] Mizushima N, Ohsumi Y, Yoshimori T. Autophagosome for-
mation in mammalian cells. Cell Struct Funct. 2002; 27(6):421-9. 
[DOI:10.1247/csf.27.421] [PMID]

[6] Ghavami S, Shojaei S, Yeganeh B, Ande SR, Jangamreddy JR, 
Mehrpour M, et al. Autophagy and apoptosis dysfunction in 
neurodegenerative disorders. Prog Neurobiol. 2014; 112:24-49. 
[DOI:10.1016/j.pneurobio.2013.10.004] [PMID]

[7] Caberlotto L, Nguyen TP. A systems biology investigation 
of neurodegenerative dementia reveals a pivotal role of au-
tophagy. BMC Syst Biol. 2014; 8:65. [DOI:10.1186/1752-0509-
8-65] [PMID] [PMCID]

[8] Joshi G, Gan KA, Johnson DA, Johnson JA. Increased Alz-
heimer’s disease-like pathology in the APP/ PS1ΔE9 mouse 
model lacking Nrf2 through modulation of autophagy. Neu-
robiol Aging. 2015; 36(2):664-79. [DOI:10.1016/j.neurobio-
laging.2014.09.004] [PMID] [PMCID]

[9] Itoh K, Chiba T, Takahashi S, Ishii T, Igarashi K, Katoh Y, et 
al. An Nrf2/small Maf heterodimer mediates the induction 
of phase II detoxifying enzyme genes through antioxidant 
response elements. Biochem Biophys Res Commun. 1997; 
236(2):313-22. [DOI:10.1006/bbrc.1997.6943] [PMID]

[10] Osama A, Zhang J, Yao J, Yao X, Fang J. Nrf2: A dark horse 
in Alzheimer’s disease treatment. Ageing Res Rev. 2020; 
64:101206. [DOI:10.1016/j.arr.2020.101206] [PMID]

[11] Innamorato NG, Jazwa A, Rojo AI, García C, Fernández-
Ruiz J, Grochot-Przeczek A, et al. Different susceptibility to 
the Parkinson’s toxin MPTP in mice lacking the redox mas-
ter regulator Nrf2 or its target gene heme oxygenase-1. PloS 
One. 2010; 5(7):e11838. [DOI:10.1371/journal.pone.0011838] 
[PMID] [PMCID]

[12] Ma Y, Ma B, Shang Y, Yin Q, Hong Y, Xu S, et al. Flavo-
noid-rich ethanol extract from the leaves of Diospyros kaki 
attenuates cognitive deficits, amyloid-beta production, 
oxidative stress, and neuroinflammation in APP/PS1 trans-
genic mice. Brain Res. 2018; 1678:85-93. [DOI:10.1016/j.brain-
res.2017.10.001] [PMID]

[13] Ren J, Lu Y, Qian Y, Chen B, Wu T, Ji G. Recent progress re-
garding kaempferol for the treatment of various diseases. Exp 
Ther Med. 2019; 18(4):2759-76. [DOI:10.3892/etm.2019.7886] 
[PMID] [PMCID]

[14] Calderon-Montano JM, Burgos-Morón E, Pérez-Guerre-
ro C, López-Lázaro M. A review on the dietary flavonoid 
kaempferol. Mini Rev Med Chem. 2011; 11(4):298-344. [DOI
:10.2174/138955711795305335] [PMID]

[15] Yang EJ, Kim GS, Jun M, Song KS. Kaempferol attenuates 
the glutamate-induced oxidative stress in mouse-derived hip-
pocampal neuronal HT22 cells. Food Funct. 2014; 5(7):1395-402. 
[DOI:10.1039/c4fo00068d] [PMID]

[16] Zarei M, Mohammadi S, Jabbari S, Shahidi S. Intracer-
ebroventricular microinjection of kaempferol on memory re-
tention of passive avoidance learning in rats: Involvement of 
cholinergic mechanism(s). Int J Neurosci. 2019; 129(12):1203-
12. [DOI:10.1080/00207454.2019.1653867] [PMID]

[17] Beg T, Jyoti S, Naz F, Rahul, Ali F, Ali SK, et al. Protective effect 
of kaempferol on the transgenic drosophila model of Alzheimer’s 
Disease. CNS Neurol Disord Drug Targets. 2018; 17(6):421-9. [DO
I:10.2174/1871527317666180508123050] [PMID]

Jafari A, et al. Alzheimer’s Disease, Autophagy, Nrf-2 and, Kaempferol. Caspian J Neurol Sci. 2022; 8(1):7-16. 

http://cjns.gums.ac.ir/
https://doi.org/10.1016/j.biopha.2017.12.053
https://www.ncbi.nlm.nih.gov/pubmed/29274586
https://doi.org/10.1159/000369101
https://www.ncbi.nlm.nih.gov/pubmed/25471398
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5588216
https://doi.org/10.4161/auto.6259
https://www.ncbi.nlm.nih.gov/pubmed/18497567
https://doi.org/10.1515/revneuro-2014-0076
https://www.ncbi.nlm.nih.gov/pubmed/25870960
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5039008
https://www.ncbi.nlm.nih.gov/pubmed/12576635
https://doi.org/10.1016/j.pneurobio.2013.10.004
https://www.ncbi.nlm.nih.gov/pubmed/24211851
https://doi.org/10.1186/1752-0509-8-65
https://doi.org/10.1186/1752-0509-8-65
https://www.ncbi.nlm.nih.gov/pubmed/24908109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4077228
https://doi.org/10.1016/j.neurobiolaging.2014.09.004
https://doi.org/10.1016/j.neurobiolaging.2014.09.004
https://www.ncbi.nlm.nih.gov/pubmed/25316599
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4315753
https://doi.org/10.1006/bbrc.1997.6943
https://www.ncbi.nlm.nih.gov/pubmed/9240432
https://doi.org/10.1016/j.arr.2020.101206
https://www.ncbi.nlm.nih.gov/pubmed/33144124
https://doi.org/10.1371/journal.pone.0011838
https://www.ncbi.nlm.nih.gov/pubmed/20676377
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2911386
https://doi.org/10.1016/j.brainres.2017.10.001
https://doi.org/10.1016/j.brainres.2017.10.001
https://www.ncbi.nlm.nih.gov/pubmed/29038004
https://doi.org/10.3892/etm.2019.7886
https://www.ncbi.nlm.nih.gov/pubmed/31572524
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6755486
https://doi.org/10.2174/138955711795305335
https://doi.org/10.2174/138955711795305335
https://www.ncbi.nlm.nih.gov/pubmed/21428901
https://doi.org/10.1039/c4fo00068d
https://www.ncbi.nlm.nih.gov/pubmed/24770605
https://doi.org/10.1080/00207454.2019.1653867
https://www.ncbi.nlm.nih.gov/pubmed/31393204
https://doi.org/10.2174/1871527317666180508123050
https://doi.org/10.2174/1871527317666180508123050
https://www.ncbi.nlm.nih.gov/pubmed/29745345


16

January 2022, Volume 8, Issue 1, Number 28

[18] Kouhestani S, Jafari A, Babaei P. Kaempferol attenu-
ates cognitive deficit via regulating oxidative stress and 
neuroinflammation in an ovariectomized rat model of spo-
radic dementia. Neural Regen Res. 2018; 13(10):1827-32. 
[DOI:10.4103/1673-5374.238714] [PMID] [PMCID]

[19] Paxinos G, Watson C. The rat brain in stereotaxic coordi-
nates: Hard cover edition. Amsterdom: Elsevier; 2006. htt-
ps://www.google.com/books/edition/=frontcover

[20] Ashourpour F, Jafari A, Babaei P. Co-treatment of AMPA 
endocytosis inhibitor and GluN2B antagonist facilitate con-
solidation and retrieval of memory impaired by β amyloid 
peptide. Int J Neurosci. 2020; 1-10. [DOI:10.1080/00207454.2
020.1837800] [PMID]

[21] Rashtiani S, Goudarzi I, Jafari A, Rohampour K. Adenosine 
Monophosphate Activated Protein Kinase (AMPK) is essential 
for the memory improving effect of adiponectin. Neurosci Lett. 
2021; 749:135721. [DOI:10.1016/j.neulet.2021.135721] [PMID]

[22] Ashourpour F, Jafari A, Babaei P. Chronic administration 
of Tat-GluR23Y ameliorates cognitive dysfunction target-
ing CREB signaling in rats with amyloid beta neurotoxicity. 
Metab Brain Dis. 2021; 36(4):701-9. [DOI:10.1007/s11011-020-
00662-8] [PMID]

[23] Hussein RM, Mohamed WR, Omar HA. A neuroprotec-
tive role of kaempferol against chlorpyrifos-induced oxi-
dative stress and memory deficits in rats via GSK3β-Nrf2 
signaling pathway. Pestic Biochem Physiol. 2018; 152:29-37. 
[DOI:10.1016/j.pestbp.2018.08.008] [PMID]

[24] Carrillo-Mora P, Luna R, Colín-Barenque L. Amyloid 
beta: Multiple mechanisms of toxicity and only some pro-
tective effects? Oxid Med Cell Longev. 2014; 2014:795375. 
[DOI:10.1155/2014/795375] [PMID] [PMCID]

[25] Moreira PI, Carvalho C, Zhu X, Smith MA, Perry G. Mi-
tochondrial dysfunction is a trigger of Alzheimer’s disease 
pathophysiology. Biochim Biophys Acta. 2010; 1802(1):2-10. 
[DOI:10.1016/j.bbadis.2009.10.006] [PMID]

[26] 26. Blurton-Jones M, LaFerla FM. Pathways by which Aβ fa-
cilitates tau pathology. Curr Alzheimer Res. 2006; 3(5):437-48. 
[DOI:10.2174/156720506779025242] [PMID]

[27] Leuner K, Schütt T, Kurz C, Eckert SH, Schiller C, Occhip-
inti A, et al. Mitochondrion-derived reactive oxygen species 
lead to enhanced amyloid beta formation. Antioxid Redox 
Signal. 2012; 16(12):1421-33. [DOI:10.1089/ars.2011.4173] 
[PMID] [PMCID]

[28] Thinakaran G, Koo EH. Amyloid precursor protein traffick-
ing, processing, and function. J Biol Chem. 2008; 283(44):29615-9. 
[DOI:10.1074/jbc.R800019200] [PMID] [PMCID]

[29] Parks JK, Smith TS, Trimmer PA, Bennett Jr JP, Parker Jr 
WD. Neurotoxic Aβ peptides increase oxidative stress in vivo 
through NMDA‐receptor and nitric‐oxide‐synthase mecha-
nisms, and inhibit complex IV activity and induce a mito-
chondrial permeability transition in vitro. J Biol Chem. 2001; 
76(4):1050-6. [DOI:10.1046/j.1471-4159.2001.00112.x] [PMID]

[30] Dawkins E, Small DH. Insights into the physiological func-
tion of the β‐amyloid precursor protein: Beyond Alzheimer’s 
disease. J Neurochem. 2014; 129(5):756-69. [DOI:10.1111/
jnc.12675] [PMID] [PMCID]

[31] Li S, Pu X-P. Neuroprotective effect of kaempferol against 
a 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine-induced 
mouse model of Parkinson’s disease. Biol Pharm Bull. 2011; 
34(8):1291-6. [DOI:10.1248/bpb.34.1291] [PMID]

[32] Al-Numair KS, Chandramohan G, Veeramani C, Alsaif 
MA. Ameliorative effect of kaempferol, a flavonoid, on oxida-
tive stress in streptozotocin-induced diabetic rats. Redox Rep. 
2015; 20(5):198-209. [DOI:10.1179/1351000214Y.0000000117] 
[PMID] [PMCID]

[33] Sharoar MG, Thapa A, Shahnawaz M, Ramasamy VS, Woo 
E-R, Shin SY, et al. Keampferol-3-O-rhamnoside abrogates amy-
loid beta toxicity by modulating monomers and remodeling oli-
gomers and fibrils to non-toxic aggregates. J Biomed Sci. 2012; 
19(1):104. [DOI:10.1186/1423-0127-19-104] [PMID] [PMCID]

[34] Zhou S, Jin J, Bai T, Sachleben LR, Cai L, Zheng Y. Poten-
tial drugs which activate nuclear factor E2-related factor 2 
signaling to prevent diabetic cardiovascular complications: 
A focus on fumaric acid esters. Life Sci. 2015; 134:56-62. 
[DOI:10.1016/j.lfs.2015.05.015] [PMID]

[35] Dinkova‐Kostova AT, Kostov RV, Kazantsev AG. The role 
of Nrf2 signaling in counteracting neurodegenerative dis-
eases. FEBS J. 2018; 285(19):3576-90. [DOI:10.1111/febs.14379] 
[PMID] [PMCID]

[36] Pajares M, Cuadrado A, Rojo A. Modulation of proteosta-
sis by transcription factor NRF2 and impact in neurodegen-
erative diseases. Redox Bio. 2017; 11:543-53. [DOI:10.1016/j.
redox.2017.01.006] [PMID] [PMCID]

[37] Filomeni G, Graziani I, De Zio D, Dini L, Centonze D, Rotilio 
G, et al. Neuroprotection of kaempferol by autophagy in mod-
els of rotenone-mediated acute toxicity: Possible implications 
for Parkinson’s disease. Neurobiol Aging. 2012; 33(4):767-85. 
[DOI:10.1016/j.neurobiolaging.2010.05.021] [PMID]

[38] Nixon RA, Yang DS. Autophagy and neuronal cell death in 
neurological disorders. Neurobiol Aging. 2012; 4(10):a008839. 
[DOI:10.1101/cshperspect.a008839] [PMID] [PMCID]

[39] Nilsson P, Loganathan K, Sekiguchi M, Matsuba Y, Hui K, 
Tsubuki S, et al. Aβ secretion and plaque formation depend 
on autophagy. Cell Rep. 2013; 5(1):61-9. [DOI:10.1016/j.cel-
rep.2013.08.042] [PMID]

[40] Jo C, Gundemir S, Pritchard S, Jin YN, Rahman I, Johnson GV. 
Nrf2 reduces levels of phosphorylated tau protein by inducing 
autophagy adaptor protein NDP52. Nature communications. 
2014;5(1):1-13. [DOI:10.1038/ncomms4496] [PMID] [PMCID]

[41] Olagnier D, Lababidi RR, Hadj SB, Sze A, Liu Y, Naidu 
SD, et al. Activation of Nrf2 signaling augments vesicular 
stomatitis virus oncolysis via autophagy-driven suppres-
sion of antiviral immunity. Mol Ther. 2017; 25(8):1900-16. 
[DOI:10.1016/j.ymthe.2017.04.022] [PMID] [PMCID]

[42] Pajares M, Jiménez-Moreno N, García-Yagüe ÁJ, Escoll 
M, de Ceballos ML, Van Leuven F, et al. Transcription fac-
tor NFE2L2/NRF2 is a regulator of macroautophagy genes. 
Autophagy. 2016; 12(10):1902-16. [DOI:10.1080/15548627.201
6.1208889] [PMID] [PMCID]

Jafari A, et al. Alzheimer’s Disease, Autophagy, Nrf-2 and, Kaempferol. Caspian J Neurol Sci. 2022; 8(1):7-16. 

http://cjns.gums.ac.ir/
https://doi.org/10.4103/1673-5374.238714
https://www.ncbi.nlm.nih.gov/pubmed/30136699
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6128063
https://www.google.com/books/edition/The_Rat_Brain_in_Stereotaxic_Coordinates/0prYfdDbh58C?hl=en&gbpv=1&dq=The+rat+brain+in+stereotaxic+coordinates&printsec=frontcover
https://www.google.com/books/edition/The_Rat_Brain_in_Stereotaxic_Coordinates/0prYfdDbh58C?hl=en&gbpv=1&dq=The+rat+brain+in+stereotaxic+coordinates&printsec=frontcover
https://doi.org/10.1080/00207454.2020.1837800
https://doi.org/10.1080/00207454.2020.1837800
https://www.ncbi.nlm.nih.gov/pubmed/33115292
https://doi.org/10.1016/j.neulet.2021.135721
https://www.ncbi.nlm.nih.gov/pubmed/33582189
https://doi.org/10.1007/s11011-020-00662-8
https://doi.org/10.1007/s11011-020-00662-8
https://www.ncbi.nlm.nih.gov/pubmed/33420884
https://www.ncbi.nlm.nih.gov/pubmed/30497708
https://doi.org/10.1155/2014/795375
https://www.ncbi.nlm.nih.gov/pubmed/24683437
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3941171
https://doi.org/10.1016/j.bbadis.2009.10.006
https://www.ncbi.nlm.nih.gov/pubmed/19853658
https://doi.org/10.2174/156720506779025242
https://www.ncbi.nlm.nih.gov/pubmed/17168643
https://doi.org/10.1089/ars.2011.4173
https://www.ncbi.nlm.nih.gov/pubmed/22229260
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3329950
https://doi.org/10.1074/jbc.R800019200
https://www.ncbi.nlm.nih.gov/pubmed/18650430
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2573065
https://doi.org/10.1046/j.1471-4159.2001.00112.x
https://www.ncbi.nlm.nih.gov/pubmed/11181824
https://doi.org/10.1111/jnc.12675
https://doi.org/10.1111/jnc.12675
https://www.ncbi.nlm.nih.gov/pubmed/24517464
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4314671
https://doi.org/10.1248/bpb.34.1291
https://www.ncbi.nlm.nih.gov/pubmed/21804220
https://doi.org/10.1179/1351000214Y.0000000117
https://www.ncbi.nlm.nih.gov/pubmed/25494817
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6837535
https://doi.org/10.1186/1423-0127-19-104
https://www.ncbi.nlm.nih.gov/pubmed/23259691
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3541263
https://doi.org/10.1016/j.lfs.2015.05.015
https://www.ncbi.nlm.nih.gov/pubmed/26044512
https://doi.org/10.1111/febs.14379
https://www.ncbi.nlm.nih.gov/pubmed/29323772
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6221096
https://doi.org/10.1016/j.redox.2017.01.006
https://doi.org/10.1016/j.redox.2017.01.006
https://www.ncbi.nlm.nih.gov/pubmed/28104575
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5239825
https://doi.org/10.1016/j.neurobiolaging.2010.05.021
https://www.ncbi.nlm.nih.gov/pubmed/20594614
https://doi.org/10.1101/cshperspect.a008839
https://www.ncbi.nlm.nih.gov/pubmed/22983160
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3475163
https://doi.org/10.1016/j.celrep.2013.08.042
https://doi.org/10.1016/j.celrep.2013.08.042
https://www.ncbi.nlm.nih.gov/pubmed/24095740
https://doi.org/10.1038/ncomms4496
https://www.ncbi.nlm.nih.gov/pubmed/24667209
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3990284
https://doi.org/10.1016/j.ymthe.2017.04.022
https://www.ncbi.nlm.nih.gov/pubmed/28527723
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542709
https://doi.org/10.1080/15548627.2016.1208889
https://doi.org/10.1080/15548627.2016.1208889
https://www.ncbi.nlm.nih.gov/pubmed/27427974
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5079676

