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Purpose: Recent evidence has highlighted the anti-inflammatory properties of the constitu-
ent of Green Tea Polyphenols (GTP), epigallocatechin-3-gallate (EGCG) which has been 
suggested to exert a neuroprotective effect on Alzheimer’s disease (AD). The current study 
aimed to elucidate the effect of EGCG on memory function in rats with AD.
Methods: AD rat models were initially established through an injection with Aβ 25–35 
solution, followed by gavage with EGCG at varying doses to determine the effect of EGCG 
on learning and cognitive deficits in AD. Morris water maze test was conducted to evaluate 
the spatial memory function of the rats. Immunohistochemistry and Western blot analysis 
were performed to identify Tau phosphorylation. The expression of β-site amyloid precursor 
protein-cleaving enzyme 1 (BACE1) mRNA and protein in rat hippocampus was measured 
by reverse transcription quantitative polymerase chain reaction (RT-qPCR) and Western blot 
analysis. Acetylcholinesterase (AchE) activity, Aβ1-42 expression and Ach content were all 
detected using enzyme-linked immunosorbent assay (ELISA).
Results: EGCG intervention brought about a decrease in the escape latency period while 
increasing the time at the target quadrant among the AD rats. EGCG decreased the hyperpho-
sphorylation of Tau in hippocampus. BACE1 expression and activity as well as the expres-
sion of Aβ1-42 were suppressed by EGCG. Moreover, EGCG promoted Ach content by 
diminishing the activity of AchE.
Conclusion: The current study demonstrates that EGCG may diminish the hyperphosphor-
ylation of the Tau protein, downregulate BACE1 and Aβ1-42 expression to improve the 
antioxidant system and learning and memory function of rats with AD.
Keywords: Aβ1-42, ACh, AChE, BACE1, epigallocatechin-3-gallate, learning and memory 
function, tau hyperphosphorylation

Introduction
As the most common cause of dementia in the elderly, Alzheimer’ s disease (AD) is 
a devastating neurodegenerative disorder characterized by cognitive deficits, mem-
ory impairment, disorientation, and behavioral abnormalities.1 Age represents 
a chief risk factor for AD, with individuals aged 65 years or greater reported to 
be more susceptible to AD.2 At present, no existing therapy has displayed an ability 
to either cure or slow the progression of AD.3 Polyphenols phytochemicals have 
been reported to play a positive role in various pathologies.4 Polyphenolic com-
pounds found in wine have been reported to influence the gut microbiota of AD 
patients.5 Multiple polyphenols, such as quercetin and gallocatechin could inhibit 
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cholinesterase, serving as a potential treatment for AD.6 

Meanwhile, notable components found in coffee have been 
shown to exert anti-diabetic and hepatoprotective 
functions.7 Green tea polyphenols (GTPs), the natural 
flavonoids in green tea, are composed of epigallocate-
chin-3-gallate (EGCG), epigallocatechin, epicatechin, epi-
catechin gallate, and catechin.8 Existing literature has 
provided evidence demonstrating that GTPs can improve 
okadaic acid-induced spatial learning and memory impair-
ment in rats by down-regulating Tau phosphorylation.9 In 
vitro studies have also suggested that GTPs may serve as 
effective free-radical scavengers and antioxidants.10 

Furthermore, previous reports have documented that 
EGCG can selectively enhance the degradation of phos-
phorylated Tau species in primary neurons, potentially by 
means of increasing the adaptor protein expression.11

It has been well established that tau and extracellular 
deposition of β-amyloid peptide (Aβ) represent crucial 
components central to the pathological features associated 
with AD.12,13 Proteolytic cleavage of amyloid precursor 
protein (APP) produces Aβ, which aggregates into amy-
loid plaques, one of the main hallmarks of AD.14 EGCG 
attenuates Aβ-triggered cognitive impairment in transgenic 
mice in AD.15 Additionally, EGCG has also been demon-
strated to alleviate Aβ-induced cytotoxicity.16 As the main 
feature of AD, amyloid plaque is an extracellular aggre-
gate, the formation of which has been strongly attributed 
to abnormally folded Aβ 40 and Aβ 42, and neurofibrillary 
tangles, which is another important feature of AD mainly 
composed of pairs of hyperphosphorylated Tau 
filaments.17 Oxidative stress has been strongly implicated 
in the etiology of AD through Aβ peptide and redox 
properties resulting in the production of reactive oxygen 
species (ROS).18 β-site amyloid precursor protein-cleaving 
enzyme 1 (BACE1) represents a key enzyme associated 
with the formation of Aβ in the hippocampus of rats.19 

A previous study provided evidence demonstrating expo-
sure to Aβ induces tau phosphorylation in hippocampal 
neurons.20 Existing literature has revealed that acetylcho-
linesterase (AchE) is co-localized with hyperphosphory-
lated tau (P-tau) within neurofibrillary tangles in AD, and 
that high tau phosphorylation could result in increased 
AchE content during the initial phases of AD.21 AChE 
influences the function of acetylcholine-interceded neuro-
transmission during AD progression.22 Inhibition of elec-
trophorus electricus AChE by phenserine has been 
speculated to attenuate AD in a dose-dependent fashion.23

Based on the aforementioned literature, we subse-
quently asserted the hypothesis that EGCG intervention 
might improve the learning and memory function of AD 
rats by reducing Tau hyperphosphorylation, attenuating the 
activity and expression of BACE1 and Aβ1-42, improving 
the antioxidant system and reducing AchE activity in the 
hippocampus. Thus, the current study was performed to 
elucidate the effect of EGCG on learning and memory 
function in AD using an AD rat model and treating them 
with different doses of EGCG.

Materials and Methods
Ethics Statement
The animal experimental protocol was conducted with the 
approval of the ethics committee of the Second Hospital of 
Jilin University (approval number: 201908012). All pro-
cedures in the animal experiments strictly followed the 
guidelines for the care and use of laboratory animals 
issued by the National Institutes of Health. Extensive 
efforts were made to the suffering and number of animals 
used in the current study.

Bioinformatics Analysis
The secondary structure of EGCG was predicted through 
the PubChem database (https://pubchem.ncbi.nlm.nih.gov/) 
while its targets were identified using the SwissTarget 
Prediction database (http://www.swisstargetprediction.ch/). 
Meanwhile, AD-related genes were obtained via CTD data-
base (http://ctdbase.org/detail.go?acc=C452899&type= 
chem). The intersection of the common targets shared 
between EGCG and AD was identified using the jvenn 
(http://jvenn.toulouse.inra.fr/app/example.html). The drug- 
target network was finally visualized by Cytoscape 3.5.1 
software.

AD Model Establishment
A total of 75 healthy and clean adult male Sprague- 
Dawley (SD) rats (weighing 190–220 g, with an average 
weight of 204.29 ± 8.06 g) were purchased from Shanghai 
Sippe-Bk Lab Animal Co., Ltd. (Shanghai, China). The 
rats were housed at the animal experimental center under 
controlled conditions at 23.5 ± 0.5°C with a relative 
humidity 47%–48%, a 12-h light/dark cycle, and provided 
free access to food and water. After one week period of 
adaptive feeding, the rats were randomly arranged into five 
groups (n = 15 rats/group): sham, AD, and AD + EGCG in 
different doses of 100 mg/(kg•d) (low dose), 250 mg/ 
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(kg•d) (moderate dose) and 625 mg/(kg•d) (high dose). 
The 1 nmol/µL Aβ 25–35 solution (Sigma-Aldrich 
Chemical Company, St Louis, MO, USA) was prepared 
with sterilized normal saline, stored at 37°C for 7 days, 
and placed in a refrigerator at 4°C following incubation 
into an aggregated state. The AD model was established 
after adaptive feeding for one week (the rats fasted 12 
hours before operation). The rats were anesthetized with 
3.0% pentobarbital sodium (40 mg/kg) and subsequently 
fixed in a brain stereotaxic device (TSE Systems 
Company, Thuringia, Germany, 540060). As per the 
brain stereotaxic map, the position of CA1 area of bilateral 
hippocampus was accurately marked and drilled, after 
which 4 μL Aβ 25–35 solution was injected at a speed of 
2 μL/min in a consecutive manner using a micro-injector 
into the AD modeled rats (the sham-operated rats were 
injected with the same amount of sterilized normal saline). 
After 3–5 minutes had elapsed, the needle was slowly 
removed, and the rats were sterilized and sutured.

Three days after successful AD model establishment, 
the rats underwent gavage with EGCG (named as Teavigo, 
EGCG ≥ 90%, DSM company, Geleen, Netherlands) in 
a continuous fashion based on their respective body 
weight.24 At the 8th week, the rats were subjected to 
Morris water maze testing. The rats were then euthanized 
with brain tissues separated in a swift manner and cleaned 
by normal saline. The hippocampus and cortex tissues 
were subsequently collected into a 1.5 mL centrifuge 
tube at −80°C for 30 minutes. The water maze test was 
conducted between 8:00 and 10:00 a.m.

Morris Water Maze Test
Morris water maze test was conducted in order to evaluate 
learning, memory processes as well as the spatial position-
ing ability of the rats. The Morris water maze DMS-2 
system was developed and produced by the Institute of 
Materia Medica, Chinese Academy of Medical Sciences, 
comprised of a stainless steel circular pool with a diameter 
of 120 cm and a height of 50 cm. The inner pool wall was 
marked with red, indicative of four water entry points in 
all directions, while the circular pool was divided into four 
separate quadrants by two imaginary vertical lines passing 
through the center of the circle. A movable cylindrical 
hidden platform (diameter of 9 cm, height of 27 cm) was 
placed in the middle water area of the target quadrant, and 
its position remained unchanged during the whole experi-
ment. In the event that the platform was lower than the 
water surface (more than 1 cm), 1 kg of skimmed milk 

powder was added into the water pool to eliminate other 
factors except the space positioning. The water tempera-
ture was maintained at a controlled temperature of 20 ± 1° 
C. The head of SD rats was dyed black using a hair dye in 
a bid to facilitate camera shooting. During the experiment, 
the reference around the water maze remained unchanged. 
A camera connected to the display system was arranged 
above the water maze to record the motion track in time. 
Morris water maze data acquisition and analysis software 
was used to record the relevant data and image results. 1. 
Positioning navigation experiment. On the 22nd day post 
gavage, the navigation experiment was performed, namely 
the hidden-platform acquisition training. Each rat was 
trained 4 times each day (each for 60 seconds) for 5 
days. Initially, the rats were placed on the platform for 
20 seconds, and then randomly placed into the water from 
the east, west, south, and north, respectively, facing the 
central point of the pool wall. The escape latency which 
was the time that required for the rats to climb the plat-
form was recorded. In the event that rats were unable to 
locate the platform within the allotted 60 seconds, they 
would be placed on the platform for an additional 20 
seconds and the escape latency was recorded as 60 sec-
onds. 2. Probe trial testing: after 5 days of training, the 
platform was removed on the 6th day, and rats were placed 
in the water at any of the entry points, with the retention 
time of rats in the target quadrant recorded.

Immunohistochemistry
The brain tissues of rats were fixed, embedded in paraffin 
and sliced (4 μm). The slices were dewaxed routinely, 
hydrated, incubated with 3% methanol hydroperoxides at 
room temperature for 15 minutes followed by antigen 
retrieval with 0.01 mol/L citric acid for 15 minutes. The 
slices were subsequently incubated with the primary anti-
body Tau-pSer396 (phosphorylated Tau-pSer396 mouse 
monoclonal antibody, 1:100, Cell Signaling Technologies, 
Beverly, MA, USA) at 4°C overnight and with horseradish 
peroxidase (HRP)-labeled goat anti-rabbit immunoglobu-
lin G (IgG) (1:500, Santa Cruz Biotechnology Inc., Santa 
Cruz, CA, USA) at room temperature for 1 hour. Finally, 
freshly prepared 0.05% diaminobenzidine (DAB) solution 
(containing 0.01% H2O2, 3,3ʹ-diaminobenzidine, Sigma- 
Aldrich Chemical Company, St Louis MO, USA) was 
added to the slices for color development, followed by 
gradient ethanol dehydration, xylene clearing, neutral 
gum sealing, and observation and photographing under 
an optical microscope. Phosphate buffer saline (PBS) 
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was employed as the negative control (NC) instead of the 
primary antibody. Tau staining was considered positive for 
protuberance or cytoplasm brownish yellow. Five slices 
were selected from each rat (n = 15/group) and 5 randomly 
selected fields were observed under high power micro-
scope with 100 cells counted in each field. Positive cells 
were reflected by a degree of staining greater than 25%, 
accompanied by the presence of evident brown or brown 
particles in the nucleus or cytoplasm. Positive expression 
rate = (number of positive cells/total number of cells) 
× 100%.

Western Blot Analysis
The hippocampal tissues of the rats were extracted, fol-
lowed by protein collection and quantification using 
bicinchoninic acid kit (Beyotime Biotechnology Co., 
Ltd., Shanghai, China). The samples were subjected to 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
and transferred onto a polyvinylidene fluoride membrane 
at a constant current of 0.8 mA/cm2 for 50 minutes. The 
membrane was then probed with primary goat anti-rat 
antibodies (Abcam Inc., Cambridge, UK) to Tau-Pser396 
(1:1000), BACE1 (1:1000), and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH; 1:1000) at 4°C for 24 
hours. The membrane was subsequently re-probed with 
HRP-labeled goat anti-rabbit IgG secondary antibody 
(1:1000, Abcam Inc.) for 2 hours at room temperature. 
The membrane was added with enhanced chemilumines-
cence fluorescence test kit (Beyotime Biotechnology Co., 
Shanghai, China) for color development with the ratio of 
each sample to the internal reference calculated 
accordingly.

RNA Isolation and Quantitation
The total RNA of the rat hippocampus tissues was 
extracted by Trizol (Invitrogen, Car, Cal, USA). The 
RNA was reversely transcribed into complementary DNA 
(cDNA) as per the instructions provided by the 
PrimeScript RT reagent Kit (RR047A, Takara, Tokyo, 
Japan). Fast SYBR Green PCR kit (Applied biosystems) 
and ABI PRISM 7300 RT-PCR system (Applied biosys-
tems) were adopted for reverse transcription quantitative 
polymerase chain reaction (RT-qPCR), with 3 replicates in 
each well. The relative expression of BACE1 gene was 
calculated using the 2−ΔΔCt method, which was standar-
dized by GAPDH. The primer sequences that were synthe-
sized by Shanghai Sangon Biotechnology Co. Ltd. 
(Shanghai, China) are depicted in Table S1.

Determination of Biochemical Indexes
Next, 10% brain homogenate of 1 g rat brain tissues was 
prepared by adding iced normal saline at a ratio of 1:10, 
followed by centrifugation at 4°C for 10 minutes at 3000 r/ 
min. The activity of AchE and BACE1 in the supernatant was 
subsequently measured using basic hydroxylamine colorime-
try, with the experiment performed in strict accordance with 
the instructions of the respective kits (AchE kit, A024, 
Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China; BACE1 kit, ab267637, Abcam, Cambridge, UK). 
The Aβ1-42 content was determined using enzyme-linked 
immunosorbent assay (ELISA) in strict accordance with the 
instructions of the kit (rat β amyloid protein 1–42 ELISA kit, 
CSB-E10786r, CUSABIO, Wuhan, China).

After acetylcholine (Ach) had been measured, 10% 
brain homogenate of 1 g rat brain tissues was prepared 
with the addition of iced normal saline at a ratio of 1:10, 
and subsequently centrifuged at 4°C for 10 minutes at 
3000 r/min. The supernatant was then removed, followed 
by the prompt addition of 0.25 mL of 8.1% sodium dode-
cyl sulfonate, 0.10 mL of 30% trichloroacetic acid and 
1.00 mL of basic hydroxylamine. The solution was placed 
at room temperature for 15 minutes and added with 
0.5 mL of 4N hydrochloric acid and 0.5 mL of 10% ferric 
chloride. The absorbance was detected by 
a spectrophotometer at a wavelength of 530 nm.

Total superoxide dismutase (T-SOD), glutathione per-
oxidase (GPx), methane dicarboxylic aldehyde (MDA) 
were then determined. More specifically, 1 g of the rat 
brain tissues was used to prepare 10% brain homogenate 
by adding ice normal saline at a ratio of 1:10, and cen-
trifuged at 3000 r/min for 10 minutes. The supernatant was 
then removed and the content of each index was deter-
mined based on the provided kit instructions (Nanjing 
Jiancheng Bioengineering Institute, Nanjing, China).

Statistical Analysis
All statistical analyses were conducted using SPSS 22.0 sta-
tistical software (IBM SPSS Statistics, Chicago, IL, USA). 
Measurement data were expressed as the mean ± standard 
deviation. Data obeying normal distribution and homogeneity 
of variance among multiple groups were checked by one-way 
analysis of variance (ANOVA) with Tukey’s post hoc test. 
Data comparison among multiple groups at different time 
points was conducted using repeated measurement with 
Bonferroni’s post hoc test. p < 0.05 was considered to be 
indicative of statistically significant difference.
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Results
EGCG Shortened the Escape Latency and 
Prolonged the Stay Time on Target 
Quadrant
A flowchart illustrating the experimental findings is 
depicted in Figure 1. In order to investigate the effect of 
EGCG in AD, we established an AD rat model via an 
injection of Aβ 25–35 solution, followed by gavage with 

EGCG in different doses of 100 mg/(kg•d), 250 mg/(kg•d) 
and 625 mg/(kg•d) after 3 days of successful AD model-
ing, while the sham-operated rats were regarded as the 
control group. The escape latency of rats was gradually 
shortened with an increase in training times (Figure 2A). 
The escape latency of the AD rats was elevated when 
compared to the sham-operated rats. Compared with 
the AD rats, the escape latency of the AD rats adminis-
tered with EGCG was shorter. At the same total time, the 

Figure 1 A schematic representation of the experiments.

Figure 2 EGCG decreases the escape latency and increases the retention time in target quadrant. Sham-operated rats were used as controls, whereas AD rats were 
untreated or treated with 100 mg/kg EGCG, 250 mg/kg EGCG and 625 mg/kg EGCG. (A) Escape latency of rats. (B) Retention time in target quadrant of rats. (C) 
Percentages of total distance in target quadrant of rats. *p < 0.05 vs sham-operated rats, #p < 0.05 vs AD rats. Measurement data among multiple groups at different time 
points was conducted using repeated measurement with Bonferroni’s post hoc test. n = 15.
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retention time of sham-operated rats, AD rats, and AD rats 
treated with 100 mg/kg EGCG, 250 mg/kg EGCG, and 
625 mg/kg EGCG in the target quadrant was 19.05 ± 2.28 
s, 12.34 ± 2.17 s, 21.34 ± 1.52 s, 23.26 ± 3.16 s and 27.48 
± 2.15 s, respectively.

The one-way ANOVA results indicated that the reten-
tion time of AD rats notably decreased relative to the 
sham-operated rats. However, the retention time of AD 
rats administered with EGCG was notably higher than 
that of the AD rats in a dose-dependent manner (P < 
0.01, Figure 2B). The percentages of swimming distance 
at the target quadrant of sham-operated rats, AD rats, 
and AD rats treated with 100 mg/kg EGCG, 250 mg/kg 
EGCG, and 625 mg/kg EGCG were 33.38%, 19.45%, 
30.17%, 28.41% and 25.32%, respectively. Relative to 
the AD rats, the percentage of swimming distance at the 
target quadrant of AD rats with EGCG treatment 
increased in a dose-dependent manner (P < 0.01, Figure 
2C). The aforementioned findings suggest that EGCG 
shortened the escape latency of the AD rats in addition 
to extending the retention time at the target quadrant, 
suggesting an improvement in the memory function of 
the AD rats.

EGCG Reduced Hyperphosphorylation of 
Tau and BACE1 Expression in 
Hippocampus of AD Rats
Tau-pSer396 is a Tau phosphorylation dependent 
antibody.25 The expression of phosphorylated Tau in hip-
pocampal neuronal somata and processes was detected by 
immunohistochemistry. When compared to the sham- 
operated rats, the AD rats presented with an increase 
area of brownish signal. The brownish signal was dimin-
ished in the AD rats with EGCG intervention when com-
pared to the AD rats, especially in the AD rats 
administered with 250 mg/kg and 625 mg/kg EGCG 
(Figure 3A), suggesting that EGCG reduced the Tau- 
pSer396 in AD rats in a dose-dependent manner.

As detected by Western blot analysis (Figure 3B), Tau- 
pSer396 and BACE1 protein expression in the AD rats 
was elevated relative to the sham-operated rats (p < 0.01), 
while Tau-pSer396 and BACE1 expression in the AD rats 
with EGCG intervention was remarkably lower than that 
in the AD rats in a dose-dependent manner. The results 
demonstrated that EGCG could improve the learning and 
memory function of AD rats by means of diminishing Tau 
phosphorylation as well as the expression of BACE1.

EGCG Reduced BACE1 Activity and 
Aβ1-42 Expression in the Hippocampus 
of AD Rats
The secondary structure of EGCG was detected in the 
database PubChem (Figure 4A). A total of 44 targets of 
EGCG predicted by the SwissTarget database were inter-
sected with 2317 AD-related genes identified by the data-
base CTD (screening Inference Score ≥ 20), revealing 25 
intersecting targets (Figure 4B). The drug-target regulatory 
network was obtained using the Cytoscape 3.5.1 software 
(Figure 4C). Among them, APP and BACE1 were pre-
dicted targets of EGCG.

Previous literature has highlighted the capacity of 
EGCG to alleviate Aβ-induced neurotoxicity in cultured 
hippocampal neurons in vitro,26 while the long-term 
administration of EGCG has been shown to decrease the 
APP level in mice.27 Compared with the sham-operated 
rats, Aβ1-42 expression in AD rats was significantly ele-
vated. However, Aβ1-42 expression was significantly low-
ered in AD rats administered with EGCG than that in 
the AD rats in a dose-dependent manner (Figure 4D). 
BACE1 represents a key enzyme in the formation of Aβ 
in the hippocampus of rats.15 As exhibited in Figure 4E–F, 
BACE1 mRNA and activity was markedly elevated in the 
hippocampus of the AD rats when compared with sham- 
operated rats. In addition, BACE1 mRNA expression and 
activity in AD rats was notably diminished following 
treatment with EGCG, especially following treatment 
with a high dose of EGCG. Taken together, the aforemen-
tioned findings suggest that EGCG could improve the 
learning and memory function of rats by reducing 
BACE1 activity and Aβ1-42 expression.

EGCG Improved the Antioxidant System 
and Scavenged Free Radicals in AD Rats
The activities of GPx, and T-SOD and MDA content were 
subsequently determined. GPx and T-SOD activities were 
reduced while the MDA content was increased in the AD 
rats relative to that of the sham-operated rats. Compared with 
the AD rats, GPx and T-SOD activities were enhanced in 
the AD rats with EGCG treatment, especially in the AD rats 
treated with 250 mg/kg EGCG. In contrast, the MDA content 
was decreased following treatment with EGCG, with the 
most distinct reduction found in the AD rats treated with 
625 mg/kg EGCG (Figure 5A–C). The results suggested that 
EGCG may scavenge free radicals through antioxidant sys-
tem to improve the learning and memory function of rats.
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EGCG Increased Ach Content Through 
Reducing AchE Activity
Ach is stored in the presynaptic membrane vesicles after its 
synthesis in cholinergic neurons. When the nerve impulse 
reaches the nerve endings, the vesicles and presynaptic mem-
brane fuse to release Ach by means of exocytosis. The 
released Ach is subsequently hydrolyzed with the balancing 
effect of AchE. If AchE activity increases, the level of Ach in 
the synaptic space is reduced, and the transmission of 
synapses is affected, resulting in learning and memory and 
cognitive dysfunction.28 Compared with the sham-operated 
rats, AchE activity in AD rats was increased (Figure 6A), 

while the Ach content was significantly reduced (Figure 6B). 
However, when compared with the AD rats, the AchE activ-
ity in the AD rats treated with EGCG was markedly 
decreased (Figure 6A), while the Ach content was notably 
elevated (Figure 6B), in a dose-dependent fashion. These 
results indicated that EGCG may improve the learning and 
memory function of rats by reducing AchE activity and 
increasing Ach content.

Discussion
EGCG has been well documented to possess the ability to 
prevent and treat various neurodegenerative diseases by 

Figure 3 EGCG diminishes Tau hyperphosphorylation and BACE1 expression in hippocampus of AD rats. Sham-operated rats were used as controls, whereas AD rats were 
untreated or treated with 100 mg/kg EGCG, 250 mg/kg EGCG and 625 mg/kg EGCG. (A) Immunohistochemistry determination of Tau phosphorylation in rat hippocampus 
(× 400); (B) Western blot analysis of BACE1 expression and Tau hyperphosphorylation. *p < 0.05 vs sham-operated rats, #p < 0.05 vs AD rats. Data among multiple groups 
were checked by one-way ANOVA with Tukey’s post hoc test, n = 15.
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Figure 4 EGCG inhibits BACE1 activity and Aβ1-42 expression in the hippocampus of AD rats. Sham-operated rats were used as controls, whereas AD rats were untreated 
or treated with 100 mg/kg EGCG, 250 mg/kg EGCG and 625 mg/kg EGCG. (A) Chemical structure diagram of EGCG. (B) Venn diagram of the intersection of the targets of 
EGCG from the SwissTarget Prediction database and AD-related genes from the CTD database. (C) Drug-target regulatory networks. (D) Expression of Aβ1-42 in rats. (E) 
Relative expression of BACE1 in rats detected RT-qPCR. (F) Activity of BACE1 protein in rats was measured. *p < 0.05 vs sham-operated rats, #p < 0.05 vs AD rats. Data 
among multiple groups were checked by one-way ANOVA with Tukey’s post hoc test, n = 15.

Figure 5 EGCG improves the antioxidant system and scavenges free radicals in AD rats. Sham-operated rats were used as controls, whereas AD rats were untreated or 
treated with 100 mg/kg EGCG, 250 mg/kg EGCG and 625 mg/kg EGCG. (A) GPx activity in rats. (B) MDA content in rats. (C) T-SOD activity in rats. *p < 0.05 vs sham- 
operated rats, #p < 0.05 vs AD rats. Data among multiple groups were checked by one-way ANOVA with Tukey’s post hoc test, n = 15.
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means of pharmacological activities and EGCG treatment 
could improve dendritic integrity, reduce inflammatory 
effects and Aβ plaques.29 The alleviating effects of 
EGCG on coordination and memory abilities have been 
previously emphasized in AD modeled rats induced by Aβ 
injection.30 Therefore, inhibition of Aβ deposition and 
regular neurotransmitter system arrangement represents 
a promising therapeutic approach for AD.31 However, the 
relationship and molecular mechanism between EGCG 
and AD are not well understood. Hence, the current 
study aimed to elucidate the mechanism by which EGCG 
influences learning and memory related behaviors of SD 
rats with AD. The results obtained suggested that EGCG 
improved the learning and memory function of AD model 
rats by reducing hyperphosphorylation of Tau protein, 
downregulating BACE1 activity and expression and 
Aβ1-42 expression, improving the antioxidant system, 
inhibiting AchE activity and increasing Ach content.

Our initial observations following intervention with 
EGCG indicated that the escape latency period was decreased 
while the time spent at the target quadrant was increased in the 
control rats when compared to the AD rats, a finding of which 
was consistent with the findings of Zhang et al.8 In addition, 
we also observed that EGCG may serve as a scavenger of free 
radicals through its anti-oxidative properties, resulting in the 
improvement of learning and memory function of rats. The 
major components of EGCG give the compound with an 
antioxidant, anti-inflammatory, anti-cancer, anti-diabetes, and 
neuroprotective effect.32 Both oral administration and i.p. of 

EGCG could attenuate cognitive impairment and i.p.-treated 
animals exhibit a more pronounced benefit in AD mouse 
models.15 Specifically, dual-drug loaded nanoparticles of 
EGCG and ascorbic acid have been reported to alleviate 
neuroinflammation, Aβ plaque burden, as well as enhance 
spatial learning and memory.33 Additionally, EGCG has 
been demonstrated to enhance insulin sensitivity and cognitive 
deficits in mouse model with high-fat diet.34 GTP scavenges 
oxygen free radicals, augments antioxidant potential, and 
decreases oxidative DNA damage, thereby repressing cogni-
tive impairment that occurs secondary to chronic cerebral 
hypoperfusion.35 Similarly, Haque et al asserted that GTP 
can effectively prevent Aβ-induced cognitive impairment by 
upregulating antioxidant defense.36 Moreover, Xing et al sug-
gested that EGCG promotes the activities of various antiox-
idant enzymes including SOD, CAT and GPx in BLM-treated 
rats, indicating that intervention with EGCG may aid in resist-
ing oxidative stress by means of regulating enzymatic 
activity.10

On the other hand, our data revealed that EGCG dimin-
ished the hyperphosphorylation of Tau protein, BACE1 
activity and expression, Aβ1-42 expression, and AchE 
activity while increasing Ach content in AD rats. 
A previous study concluded that EGCG and CUR facilitate 
the clearance of hyperphosphorylated Tau and inhibit Tau 
β-sheet formation.37 Chesser et al reported that EGCG 
may promote the clearance of phosphorylated Tau species 
by specifically upregulating the level of adaptor protein.11 

Moreover, EGCG suppresses tau phosphorylation and 

Figure 6 EGCG reduces AchE activity but elevates Ach content in AD rats. Sham-operated rats were used as controls, whereas AD rats were untreated or treated with 
100 mg/kg EGCG, 250 mg/kg EGCG and 625 mg/kg EGCG. (A) AchE activity in rats. (B) Ach content in rats. *p < 0.05 vs sham-operated rats, #p < 0.05 vs AD rats. Data 
among multiple groups were checked by one-way ANOVA with Tukey’s post hoc test, n = 15.
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aggregation in AD.38 GTPs reduced Tau phosphorylation 
to inhibit the okadaic acid-induced spatial learning and 
memory impairment in rats,9 which was consistent with 
our results. Intriguingly, the involvement of increased Tau 
phosphorylation has been previously determined in AD 
development.39 More importantly, it was established in 
previous research that Aβ may induce the phosphorylation 
of Tau.40 Amyloids have been linked to various neurode-
generative diseases and the aggregation of Aβ into oligo-
mers, fibrils, and plaques represent a key molecular finding 
strongly implicated in the pathogenesis of AD.41 Aβ is 
generated by the continuous cleavage of APP by two 
enzymes, BACE1 and γ-secretase complex.42 Lee et al 
indicated that EGCG triggered a reduction in Aβ1-42 
induced memory dysfunction via modification of secretase 
activity.16 Evidence has previously demonstrated that 
EGCG can reduce Aβ-induced neurotoxicity,43 while long- 
term administration of EGCG has been shown to diminish 
the level of APP in the hippocampus, as observed in rats.27 

Consistent with our observations, a previous study demon-
strated that EGCG plays a crucial role in promoting brain 
health and inhibits AD development by hindering AchE 
activity.44 Similarly, Ali et al reported that EGCG exerts 
inhibitory functions on AchE and BchE enzymes, both of 
which are associated with the treatment of AD.45

Conclusion
Taken together, the key findings of the current study provide 
evidence elucidating a specific mechanism by which EGCG 
improves the learning and memory functions of AD rats. In the 
current study, EGCG treatment was demonstrated to diminish 

Tau hyperphosphorylation, BACE1 expression, and Aβ1-42 
expression to enhance the antioxidant system and reduce AchE 
activity, which ultimately led to an improvement in the learning 
and memory function of AD rats (Figure 7). In addition to with 
further studies, EGCG possesses medicinal properties that 
could potentially bring about an improvement in learning and 
memory abilities in AD.
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