
MOLECULAR MEDICINE REPORTS  23:  332,  2021

Abstract. The aim of the present study was to investigate the 
neuroprotective effects of naringin on the memory impairment 
of hydrocortisone mice, and to elucidate the potential underlying 
molecular mechanisms. In the present study, a hydrocortisone 
model was constructed. Novel object recognition, Morris 
water maze and step‑down tests were performed in order to 
assess the learning and memory abilities of mice. Hematoxylin 
and eosin staining was used to observe pathological changes 
in the hippocampus and hypothalamus. Transmission electron 
microscopy was used to observe the ultrastructural changes 
in the hippocampus. Immunohistochemistry was used to 
detect the expression of ERα and ERβ. Western blotting was 
performed to detect the expression of each protein in the 
relevant system. It was found that naringin can significantly 
improve cognitive, learning and memory dysfunction in 
mice with hydrocortisone memory impairment. In addition, 
naringin can exert neuroprotective effects through a variety 
of mechanisms, including amyloid β metabolism, Tau protein 
hyperphosphorylation, acetylcholinergic system, glutamate 
receptor system, oxidative stress and cell apoptosis. Naringin 

can also affect the expression of phosphorylated‑P38/P38, 
indicating that the neuroprotective effect of naringin may also 
involve the MAPK/P38 pathway. The results of the present 
study concluded that naringin can effectively improve the 
cognitive abilities of mice with memory impairment and exert 
neuroprotective effects. Thus, naringin may be a promising 
target drug candidate for the treatment of Alzheimer's disease.

Introduction

Alzheimer's disease (AD), the most common neurodegenera‑
tive disease, is clinically characterized by progressive memory 
impairment and cognitive dysfunction  (1). Pathologically, 
the disease is characterized by the presence of extracellular 
plaques of amyloid‑β (Aβ), intracellular tangles of hyperphos‑
phorylated tau protein (2) and loss of forebrain cholinergic 
neurons (3). As reported, the average course of disease from 
AD to death is ~10 years. In addition, early symptoms of the 
disease are not obvious, and the majority of patients with AD 
do not know when they develop the disease. Therefore, as 
time passes, the condition of patients with AD becomes more 
serious, eventually leading to the complete loss of learning, 
cognition and language abilities (4).

There are numerous factors that contribute to the devel‑
opment of AD, and various pathogenesis mechanisms have 
been reported. In the Aβ theory, Aβ‑protein is considered to 
be the central link to the incidence of AD. A previous study 
has shown that the concentration of Aβ in the brain tissue of 
patients with early AD is significantly higher compared with 
that in the healthy population, which has a toxic effect on brain 
neurons and leads to the loss or death of neurons (5). In the 
Tau protein abnormal modification theory, abnormal modi‑
fication of Tau protein can cause the Tau protein to lose the 
compositional function of tubulin, triggering the disintegra‑
tion of microtubules, thereby affecting the normal transport 
function of neuronal cells and nerve endings, and ultimately 
leading to neuron degeneration and synaptic degeneration (6). 
As presented in the cholinergic system damage theory, the 
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central cholinergic system of patients with AD has obvious 
damage and defects, which are consistent with the clinical 
symptoms of patients with AD (7). Oxidative stress refers to 
the imbalance between the peroxide action and antioxidant 
mechanisms in the body, which leads to excessive production 
of oxygen‑free radicals and peroxides, causing damage to 
cells (8). In the glutamate receptor theory, glutamate and its 
receptors play an important role in the function of the body's 
nervous system. Its receptors are involved in the growth and 
development of neurons, the performance of learning and 
memory capabilities and the maintenance of synaptic plas‑
ticity (9). Apoptosis of brain neuronal cells in patients with 
AD is the main cause of nerve damage, and it is also the final 
pathway of various theories on the pathogenesis of AD. Based 
on relevant literature studies, Aβ aggregation, oxidative stress 
and mitochondrial dysfunction in patients with AD are all 
important causes of neuronal cell apoptosis (10). Due to the 
diversity and complexity of its mechanisms, there is not yet 
a cure or efficient form of treatment for AD. Therefore, the 
development of anti‑AD drugs has become an important area 
of research.

Natural compounds and their derivatives have attracted 
increasing attention due to their inherent chemical diversity, 
and a number of them have become potential drug candi‑
dates  (11). Drynaria rhizome, also known as Gu‑Sui‑Bu, 
is a common plant widely distributed throughout southern 
China (12). The roots of Drynaria rhizome were convention‑
ally regarded as a medicine against osteoporosis and bone 
resorption, while recently it has increasingly been used to 
treat neurodegenerative diseases, such as AD (13). Naringin 
(Fig. 1), one of the main active substances extracted from 
Drynaria rhizome has attracted increased attention due to 
its extensive antioxidant, anti‑inflammatory, anti‑apoptotic, 
anti‑ulcer, anti‑osteoporosis and anticancer effects (14,15). 
According to previous reports, naringin can attenuate the 
behavioral changes and cognitive impairment in the epilepsy 
model induced by haiendic acid (16) and the Huntington model 
induced by 3‑nitropropionic acid (17). In addition, naringin 
treatment can decrease oxidative damage and reverse histo‑
pathological changes in the cortex, striatum and hippocampus 
caused by ischemia‑reperfusion (18). Furthermore, previous 
experiments have shown that it can also improve the long‑term 
memory of transgenic AD mice, and also play a neuroprotec‑
tive role (19). However, to the best of our knowledge, there is 
currently little information available regarding the effects of 
naringin on long‑term cognitive impairment in patients with 
AD, and the mechanisms that may be involved are not yet fully 
understood.

The present study isolated naringin from Drynaria rhizome 
and studied the effects of naringin on cognitive impairment 
and neuropathology in an AD mouse model. The results of the 
present study suggested that naringin can improve the ability 
of learning and memory in AD model mice through a variety 
of ways, thus exerting neuroprotective effects.

Materials and methods

Groups and treatments. A total of 75  male mice (age, 
8 weeks; weight, 25±5 g), provided by Liaoning Changsheng 
Biotechnology Co., Ltd., were included in the present study 

[SCXK (Liaoning) 2015‑0001]. All animals were raised in 
an environment where the ambient temperature and relative 
humidity were 21±2˚C and 60±10%, respectively. The present 
study was approved by the ethics committee of Clinical 
Medical College of Jiamusi University (approval no. 201803). 
All procedures were in strict accordance with the recom‑
mendations in the Guide for the Care and Use of Laboratory 
Animals of the National Institutes of Health.

The mice were randomly divided into five groups: 
Sham group (distilled water), hydrocortisone model group 
(25 mg/kg/day; Chengdu Mansitebio‑Technology Co, Ltd.), 
KN15112502 group (585  mg/kg/day; Shijiazhuang No.  4, 
Pharmaceutical), naringin group (100  mg/kg/day) and 
naringin + estrogen receptor (ER) inhibitor group (ICI182780, 
0.072 mg/kg/day; Tocris Bioscience). The Sham group was 
used as the control group to verify the success of the model 
construction. KN15112502 is Kang Nao Shuai Jiao Nang, 
which served as a positive control in the study to testify the 
effect of naringin on memory impairment mice. The naringin 
group is a single‑drug group to verify its neuroprotective 
effect on mice with memory impairment. ICI182780 is an 
ER inhibitor that can block the binding to the receptor. By 
adding this inhibitor, it is determined whether naringin binds 
to ER and mediates the neuroprotective effect of associated 
pathways. The Sham group and the hydrocortisone model 
group were given intragastrically with distilled water; the 
KN15112502 group and the naringin group were gavaged with 
the corresponding drugs; the Naringin + ER inhibitor group 
was intraperitoneally injected with ER inhibitor, and naringin 
was given by gavage after 15 min. After 3 weeks of continuous 
gavage, except for the control group, hydrocortisone was 
administered to the other four groups for modeling. After the 
model was established (20), the drug was continuously admin‑
istered for 1 week, and then behavioral experiments were 
conducted on the mice in each group. The flowchart of animal 
experimental procedures is shown in Fig. 2.

New object recognition (NOR). Briefly, the procedure is 
divided into two phases: Training phase and testing phase. In 
the training phase, two identical objects were prepared at one 
end of the test box, and the mice were placed with their backs 
to the objects in the box and left to explore freely for 5 min. 
After 1 h of training, any of the two objects in the test box was 
replaced with another completely different new object, and 
the other object remains unchanged. The mice were placed in 
the same place and allowed to explore freely for 5 min. The 
recognition time of the new and old objects by the mice were 
represented by Tn and Tf, respectively, and the recognition 
index was calculated as (TN‑TF)/(Tn+Tf).

Morris water maze (MWM). During the 5 consecutive days 
of training, each rat was placed in water to search for the 
platform situated in the water. From the time the mice entered 
the water, the time it took them to locate the platform within 
90 sec was recorded, which was the escape latency. If the mice 
found the platform within 90 sec, they were allowed to stay 
on it for 30 sec. If the mice could not find the platform within 
90 sec, they were artificially placed on the platform for 30 sec 
to enhance their memory. At the 6th day, the platform was 
removed and the same water inlet point was selected. Within 
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90 sec, the traveled distance, time and number of crossing the 
original platform were recorded.

Step‑down test. The mice were placed on the platform jumper 
for 3 min. The copper gate was electrified and the mice were 
trained for 5 min. During this period of time, the mice would 
experience the repeated process of jumping onto the platform 
after being shocked, from the platform to the copper grid, and 
then jumping back to the platform after being shocked. After 
24 h, the mice were tested and the method was consistent with 
the training. Briefly, the mice were first placed on the platform, 
and the number of jumps from the platform within 5 min was 
recorded as the number of errors. The incubation period was 
defined as the time the mouse first jumped off the platform.

Hematoxylin and eosin (H&E) staining. After the behavioral 
experiment, the mice were anesthetized (1% pentobarbital 
sodium, 35  mg/kg, intraperitoneal injection; Dainippon 
Sumitomo Pharma) and decapitated. The brain was quickly 
removed, and the hypothalamus and hippocampus were 
stripped. Briefly, the hippocampal and hypothalamic tissues 
were fixed in 10% formalin (cat. no. 0‑10‑02; Beijing Yili Fine 
Chemicals Co., Ltd.) for 24 h at 37˚C. Subsequently, the fixed 
tissues were embedded in paraffin and cut into 5‑µm sections 
with a microtome. After regular dewaxing using 50% xylene 
for 20 min and dehydration with 80% ethanol for 20 min at 
37˚C, the sections were stained with hematoxylin for 5 min at 
37˚C, and eosin for 4 min at 37˚C. Finally, histopathological 
changes in the hippocampus and hypothalamus were observed 
under a light microscope (magnification, х200).

Transmission electron microscopy (TEM). The hippocampus 
tissues (1  mm3) were fixed in 2.5%  phosphate‑buffered 

glutaraldehyde for 20 min at 37˚C and post‑fixed in 1% osmium 
tetroxide in water at 37˚C for 30 min. This was repeated three 
times, for 15 min each time. Following gradient dehydration 
for each time 15 min with ethanol and acetone (50% ethanol; 
70%  ethanol; 90%  ethanol; 90%  acetone; 100%  acetone) 
at 37˚C, the cells were embedded and sectioned. The samples 
were double stained with 50% uranyl acetate and lead citrate 
for 20  min at 37˚C, and the ultrastructure of the hippo‑
campus tissues were observed with a JEM‑1200EX TEM 
(magnification, x200; JEOL, Ltd.).

Immunohistochemical analysis. Brief ly, endogenous 
peroxidase activity within the sections was quenched by 
incubating the sections with 3% H2O2 for 15 min at 37˚C 
after regular dewaxing and dehydration. According to the 
aforementioned method, the tissues were incubated in a 
humidified chamber with primary antibodies: ERα (1:1,000; 
cat. no. 8644T; Cell Signaling Technology, Inc.), ERβ (1:1,000; 
cat. no. kl437Hu22‑KALANG; https://www.biomart.cn/info‑
supply/31407572.htm) overnight at 4˚C. On the following 
day, the tissues were washed with PBS and incubated with 
secondary antibody (1:1,000; cat. no. bs‑0295G‑H; BIOSS) for 
1 h at 37˚C. For the negative controls, the primary antibodies 
were replaced with PBS. Stained sections were counterstained 
with DAB for 5  min at 37˚C and observed using a light 
microscope (magnification, х200; Olympus Corporation).

Western blotting. According to the manufacturer's instructions, 
the proteins were extracted using RIPA lysate with proteinase 
inhibitor and phosphatase inhibitor (Roche Diagnostics) 
and the concentration was measured using a bicinchoninic 
acid assay. Protein samples (35 µg) were then separated via 
SDS‑PAGE gels (12%) and transferred to a PVDF membrane 
(EMD Millipore). After blocking with 5% non‑fat dried milk 
for 2.5 h at 37˚C, the PVDF membrane was incubated with 
primary antibodies against: APP (1:1,000; cat. no. bs‑12503R; 
BIOSS), BACE1 (1:1,000; cat.  no.  5606T; Cell Signaling 
Technology, Inc.), CDK5 (1:1,000; cat.  no.  bs‑10258Rm; 
BIOSS), p‑Tau396 (1:1,000; cat.  no.  bs‑3446R; BIOSS), 
glutamate receptor subunit 1 (NMDAR1) (1:1,000; 
cat. no. bs‑23343R; BIOSS), glutamate receptor 2 (GluR2; 
1:1,000; cat.  no.  bs‑13385R; BIOSS), calcium/calmod‑
ulin‑dependent protein kinase type  II (CAMKII; 1:1,000; 
Boster), Bad (1:500; cat. no. A00183; Boster), caspase‑3 (1:500; 
cat. no. bs‑0081R; BIOSS), Bcl‑2 (1:500; cat. no. bs‑0032R; 
BIOSS), ERβ (1:1,000; cat.  no.  kl437Hu22; KALANG; 
https://www.biomart.cn/infosupply/31407572.htm), p‑P38 
(1:1,000; cat.  no.  bs‑2210R; BIOSS) and β‑actin (1:1,000; 
cat. no. bs‑0061R; BIOSS) overnight. On the following day, the 
protein samples were incubated with the secondary antibody 
(1:1,000; cat. no. bs‑0295G‑H; BIOSS) at room temperature 
for 45 min. The western blotting images were observed with 
ECL reagent (Beyotime Institute of Biotechnology), and the 
optical density of the target band was measured using a gel 
image processing system (Gel‑Pro‑Analyzer software).

Measurement of superoxide dismutase (SOD), malondial‑
dehyde (MDA), nitric oxide (NO), choline acetyl transferase 
(ChAT), acetylcholinesterase (AchE) and acetylcholine (Ach) 
levels. Concentrations of SOD, MDA, NO and Ach, and the 

Figure 1. Structure of naringin.

Figure 2. Flowchart of animal experimental procedures. TEM, transmission 
electron microscopy.
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activity of ChAT and AchE in the tissues were assessed 
using a commercially available SOD kit (Nanjing Jiancheng 
Bioengineering Institute), MDA kit (Nanjing Jiancheng 
Bioengineering Institute), NO kit (Nanjing Jiancheng 
Bioengineering Institute), Ach kit (Nanjing Jiancheng 
Bioengineering Institute), ChAT kit (Nanjing Jiancheng 
Bioengineering Institute) and AchE kit (Nanjing Jiancheng 
Bioengineering Institute), respectively.

Statistical analysis. SPSS software (version 18.0; SPSS, Inc.) 
was used to analyze the data. Differences among multiple 
groups were statistically analyzed using one‑way ANOVA and 
post hoc comparisons (Bonferroni test). P<0.05 was consid‑
ered to indicate a statistically significant difference. Each 
experiment was repeated three times.

Results

Naringin improved memory and cognition in mice with 
memory impairment. To investigate the potential of naringin 
as a therapeutic option for AD, the present study assessed the 
memory and cognitive abilities of the mice. As presented in 
Fig. 3A, the NOR index in the model group was significantly 
decreased when compared with the sham group (P<0.01). 
However, compared with the model group, the NOR index in 
the naringin and KN15112502 groups were increased signifi‑
cantly (P<0.01). Furthermore, compared with the Naringin 
group, the NOR index of mice was significantly decreased 

following the addition of ER inhibitor (P<0.05). In addition, 
there was no significant difference in the NOR index between 
the Naringin group and the KN15112502 group.

To further evaluate the memory and cognition in mice 
with memory impairment, the present study performed a 
MWM. The results revealed that, compared with the mice 
in the sham group, the mice with memory impairment 
spent more time locating the platform (P<0.01), and there 
was no significant difference between naringin‑treated 
mice and control mice. When the ER inhibitor was added, 
the escape latency of the naringin + ER inhibitor group 
was significantly increased (P<0.01; Fig. 3B). On day 5, 
probe trials were performed to assess the maintenance of 
spatial memory. Compared with the sham group, mice with 
memory impairment crossed the platform position less 
frequently and spent less time on the platform (P<0.01), and 
this was significantly reversed with the addition of naringin 
and KN15112502. However, the ER inhibitor significantly 
decreased the number of times crossing the platform and the 
staying time in the naringin + ER inhibitor group of mice 
(P<0.05; Fig. 3B).

In Fig. 3C, a significant decrease in the escape latency 
and a significant increase in the number of mistakes in the 
model group is observed when compared with the sham group 
(P<0.01). However, when Naringin or KN15112502 was added, 
the escape latency of the mice increased significantly, and the 
number of mistakes also decreased significantly (P<0.01). 
Furthermore, after treatment with the ER inhibitor, the escape 

Figure 3. Naringin improved memory and cognition in mice with memory impairment. (A) The comparison of new object recognition index of each group. 
(B) Escape latencies, the number of mice crossing the quadrant of platform and the time of crossing target quadrant in the Morris water maze in each group. 
(C) Number of errors and the escape latencies in the step‑down test of each group. **P<0.01 vs. sham group; ##P<0.01 vs. model group; &P<0.05, &&P<0.01 vs. 
naringin group.
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latency of the naringin + ER inhibitor group was significantly 
decreased, and the number of mistakes was significantly 
increased (P<0.05).

Pathological observation with H&E staining. As presented 
in Fig. 4A and B, the nuclei of the hippocampus and hypo‑
thalamus in the sham group were closely and uniformly 
arranged. The neuron cells were evenly distributed with an 
intact structure and no nuclear shrinkage was observed. The 
cells were stained uniformly, with clear and obvious nuclear 
membranes and nucleoli, and abundant cytoplasm. In the 
model group, the nuclei of the hippocampal and hypothalamus 
were arranged loosely and unevenly. The distribution of 
neuron cells was disordered, the structure was destroyed, the 
morphology was changed and the number of neuron cells was 
significantly decreased. In addition, the nuclei were shrunk 
and the intercellular space was abnormally enlarged.

In the naringin and KN15112502 groups, the nuclei in 
the hippocampus and hypothalamus of the mice were evenly 
and tightly arranged. The number of neurons was high, the 

distribution was relatively uniform and compact, the structure 
was complete, and there was no obvious nuclear pyknosis. The 
cells were stained more evenly, and the nuclear membrane and 
nucleolus were obvious and clear. In the naringin + ER inhibitor 
group, the arrangement of nuclei in the hippocampus and hypo‑
thalamus of the mice was loose and uneven. The structure of 
neurons was incomplete, the morphology changed, the number 
of neurons was decreased significantly, and the phenomenon 
of nuclear pyknosis was common (Fig. 4A and B).

Microstructure observation with TEM. In the sham group, 
the endoplasmic reticulum and Golgi bodies were widely 
distributed in the cytoplasm of neurons in the hippocampus, 
with intact mitochondrial structures and obvious mitochon‑
drial cristae. The nuclear membrane was clear and distinct, 
the nucleus was normal in size and the chromatin was evenly 
distributed with a shape of fine sand. The neuropil area was 
rich in synapses and vesicles with normal structure. There 
were no lipofuscin particles, and the number of free ribo‑
somes was large. In the model group, the structures of neuron 

Figure 4. Pathological observation with H&E staining. H&E staining of the (A) hippocampus and (B) hypothalamus. H&E, hematoxylin and eosin. 
Magnification, х200.
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endoplasmic reticulum, mitochondrial cristae and Golgi bodies 
in the hippocampus of mice were changed, and threshing and 
swelling occurred. The synapse structure was destroyed and 
the number was decreased. The lipofuscin particles are gener‑
ated in large quantities, chromatin is gathered at the edge of 
the cell. The nucleus of the neuron was significantly contracted 
and the nuclear membrane was thickened (Fig. 5).

In the naringin and KN15112502 groups, the nuclear 
membrane and nucleoli of neurons were clearly visible in the 
hippocampus of mice, and the nucleoli were normal in size. 
The number of organelles, synapses and vesicles increased, 
and the structure of mitochondria did not change signifi‑
cantly. In addition, there were fewer lipofuscin particles. In 
the naringin + ER inhibitor group, the number of lipofuscin 
particles in the hippocampus increased, the nucleus of the 
neuron contracted, the nuclear membrane thickened, and 
chromatin gathered at the edge of the cell. The number of 
synapses and vesicles decreased, the mitochondrial structure 
was destroyed, and the endoplasmic reticulum was shelled 
and expanded (Fig. 5).

Naringin upregulates the expression of ERβ and ERα. To 
investigate whether the neuroprotective effect of naringin was 
ER‑dependent, immunohistochemical staining was performed 
in the present study. As presented in Fig. 6A and B, compared 
with the sham group, the expression levels of ERβ in the hippo‑
campus and the ERα in the hypothalamus were significantly 
decreased. However, following naringin or KN15112502 
treatment, all protein expression levels were significantly 
increased. More notably, when ER inhibitor was added, the 
expression of the aforementioned proteins was significantly 
downregulated. In addition, there were no significant differ‑
ences in the expression of ERβ in the hippocampus or the 
ERα in the hypothalamus between the naringin group and the 
KN15112502 group. Accordingly, the mean density of ERβ 
and ERα showed a consistent trend (Fig. 6A and B).

Naringin exerts neuroprotective effects by affecting Aβ 
metabolism. To determine whether the neuroprotective effects 
of naringin affected the metabolic pathways of Aβ, the protein 
expression levels of Aβ, APP and BACE1 were detected. As 
presented in Fig. 7A, it was observed that the expression of 
Aβ, APP and BACE1 proteins were evidently increased in the 
hippocampus of model mice, while naringin or KN15112502 
significantly inhibited this elevation (P<0.01). Further, after 
the addition of ER inhibitor, Aβ, APP and BACE1 proteins 
in the hippocampus of mice in the naringin + ER inhibitor 
group were significantly increased compared with those in the 
naringin group (P<0.05).

Naringin exerts neuroprotective effects by inhibiting the 
hyperphosphorylation of Tau. To assess whether the neuropro‑
tective effect of naringin was involved in the phosphorylation 
of Tau, the protein expression levels of p‑Tau and CDK5 were 
detected. Compared with the sham group, the expression levels 
of p‑Tau and CDK5 proteins in the hippocampus of the model 
group mice were significantly increased. Conversely, when 
Naringin or KN15112502 was added, the expression of both 
proteins was decreased when compared with the model group 
(P<0.01). Furthermore, the addition of ER inhibitor slowed down 
the inhibitory effect of naringin on p‑Tau and CDK5 (P<0.05). 
In addition, there were no significant differences in p‑Tau and 
CDK5 protein expression in the hippocampus between the 
naringin group and the KN15112502 group (Fig. 7B).

Naringin exerts neuroprotective effects by regulating the 
glutamate receptor system. To assess whether the neuropro‑
tective effects of naringin affected the glutamate receptor 
system, the protein expression levels of NMDAR1, GluR2 and 
CAMKII were detected. As depicted in Fig. 8A, hydrocortisone 
increased the expression of CAMKII protein and decreased 
the expression of NMDAR1 and GluR2 proteins (P<0.01). 
Furthermore, treatment with naringin or KN15112502 

Figure 5. Microstructure observation of hippocampus with TEM. Scale bar, 50 nm. TEM, transmission electron microscopy.
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reversed the expression of the aforementioned proteins when 
compared with the model group. Compared with the drug‑only 
group, the addition of ER inhibitors significantly increased the 
expression of CAMKII protein in the hippocampus. On the 
contrary, the expression of NMDAR1 and GluR2 proteins 
were significantly decreased (P<0.05).

Naringin exerts neuroprotective effects by inhibiting 
apoptosis. In order to assess whether the neuroprotective effect 
of Naringin affected cell apoptosis, the present study detected 
apoptosis‑associated protein expression (caspase‑3, Bad and 
Bcl‑2). As demonstrated by the western blotting data, hydrocor‑
tisone treatment increased the expression of cleaved‑caspase‑3 
and Bad protein, and decreased the expression of Bcl‑2 
protein (P<0.01). However, the intervention of Naringin or 
KN15112502 decreased the expression of cleaved‑caspase‑3 
and Bad protein, but increased the expression of Bcl‑2 protein. 

Furthermore, the addition of ER inhibitor reversed the effect 
of naringin on the expression of the aforementioned proteins 
(P<0.05; Fig. 8B).

Naringin exerts neuroprotective effects by regulating the 
acetylcholinergic system. To assess whether the neuroprotec‑
tive effects of naringin affect the acetylcholinergic system, 
the present study detected the Ach content and the ChAT and 
AchE activity in the hippocampus of each group. In the model 
group, the Ach content and the ChAT activity in mice were 
significantly decreased, while AchE activity was significantly 
increased (P<0.01). In the naringin or KN15112502 groups, 
the expression patterns of the aforementioned three proteins 
were in contrary to that of the model group, that is, the Ach 
content and ChAT activity were significantly increased, while 
AchE activity decreased significantly (P<0.01). Notably, after 
the addition of ER inhibitor, the Ach content and the ChAT 

Figure 6. Naringin upregulates the expression of ERα and ERβ. (A)  ERα protein level and (B)  ERβ protein level in each group was detected by 
immunohistochemistry. Scale bar, 50 µm. ER, estrogen receptor.
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activity in the in the naringin + ER inhibitor group decreased 
significantly, while the AchE activity increased significantly 
(P<0.05; Fig. 9A).

Naringin exerts neuroprotective effects by inhibiting oxidative 
stress. To assess whether the neuroprotective effect of naringin 

affected oxidative stress, the content of SOD, MDA and NO 
were measured in the hippocampus of mice. As presented 
in Fig. 9B, hydrocortisone increased MDA and NO content 
and decreased SOD content compared with the Sham group 
(P<0.01). In naringin or KN15112502 group, when the corre‑
sponding drug intervention was added, the content of MDA 

Figure 7. Naringin exerts neuroprotective effects by affecting Aβ metabolism and the hyperphosphorylation of Tau. (A) Protein levels of APP, BACE1 and 
Aβ; (B) CDK5 and p‑Tau. **P<0.01 vs. sham group; ##P<0.01 vs. model group; &P<0.05 vs. naringin group. APP, amyloid protein; BACE1, β‑site APP cleaving 
enzyme 1; Aβ, amyloid β; CDK5, cyclin‑dependent kinase 5.
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and NO in the hippocampus was significantly decreased, while 
the content of SOD significantly increased (P<0.01). Notably, 
when ER inhibitor was added, the MDA and NO contents 
in the naringin  +  ER inhibitor group were significantly 
increased, and SOD contents were significantly decreased 
when compared with naringin (P<0.05).

Naringin upregulates the expression of ERβ and down‑
regulates the expression of P38/P‑P38 in the hippocampus. In 
order to assess whether the MAPK/P38 signaling pathway was 
involved in the neuroprotective effect of naringin, the changes 
in protein expression of P38/p‑P38 and ERβ were detected. As 
presented in Fig. 10, it was observed that the expression of ERβ 

Figure 8. Naringin exerts neuroprotective effects by regulating the glutamate receptor system and apoptosis. (A) Protein levels of NMDAR1, GluR2 and 
CAMKII. (B) Protein levels of Bad, Bcl‑2 and cleaved‑caspase‑3. **P<0.01 vs. sham group; #P<0.05 and ##P<0.01 vs. model group; &P<0.05, &&P<0.01 vs. 
naringin group. NMDAR1, glutamate receptor subunit 1; GluR2, glutamate receptor 2; CAMKII, calcium/calmodulin‑dependent protein kinase type II.
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protein in the model group was significantly decreased, and the 
expression of P38/p‑P38 protein was significantly increased. 
However, following Naringin or KN15112502 treatment, the 
expression of P38/P‑P38 protein was significantly decreased, 
while the opposite was observed for ERβ (P<0.01). Notably, 
when the ER inhibitor was added, the ER inhibitor decreased 
the effect of naringin on the expression of the aforementioned 
proteins. In addition, there was no significant difference in 
ERβ and P38/p‑P38 protein expression between the naringin 
group and KN15112502 groups.

Discussion

The obvious clinical manifestation of AD is the decline in 
learning and memory ability (19). Rodents have an instinc‑
tive habit of exploring strange objects, and their learning and 
cognitive abilities can be reflected by the amount of time 
spent exploring new and old objects (21). In the present study, 
NOR results showed that naringin significantly increased the 
recognition index of the model group mice and improved their 
memory and learning disabilities. MWM is commonly used to 

Figure 10. Naringin upregulates the expression of ERβ and downregulates the expression of P38/P‑P38 in the hippocampus. **P<0.01 vs. sham group; ##P<0.01 
vs. model group; &P<0.05 vs. naringin group. ER, estrogen receptor; p‑, phosphorylated.

Figure 9. Naringin exerts neuroprotective effects by regulating the acetylcholinergic system and oxidative stress. (A) Naringin significantly increased 
the Ach content and ChAT activity, but decreasing AchE activity. (B) Naringin significantly decreased the content of MDA and NO in the hippocampus, 
and the increased the content of SOD. **P<0.01 vs. sham group; ##P<0.01 vs. model group; &P<0.05 vs. naringin group. Ach, acetylcholine; ChAT, choline 
acetyltransferase; AchE, acetylcholine esterase; MDA, malondialdehyde; NO, nitric oxide; SOD, superoxide dismutase.
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measure spatial memory and learning ability (22). The data in 
the present study indicated that naringin sharply decreased the 
latency of mice in the model group, and significantly increased 
the number of times the mice crossed the platform, as well 
as the residence time in the target quadrant, indicating that 
naringin could improve their spatial learning and memory 
ability. The step‑down test is designed by using the animals' 
habits of being active, exploring space, seeking advantages and 
avoiding disadvantages, and is usually used to test learning 
and memory abilities (23). When the mice received multiple 
electric shocks, they will have a memory of this and avoid 
jumping in again. In the present study, the frequency of 
receiving electric shock of mice was significantly decreased, 
and the number of jumping mistakes was also decreased in 
the naringin group, indicating that naringin could enhance 
the memory ability of mice. Collectively, behavioral studies 
indicated that naringin evidently improved the learning and 
memory disorders of mice with memory impairment, and 
played a neuroprotective effect.

APP is catalyzed by α, β and γ‑type starch secretases, 
and its products can be divided into soluble amyloid protein 
(sAPP) and insoluble Aβ. β‑site APP cleaving enzyme  1 
(BACE1) can catalyze the hydrolysis of APP, which in turn 
leads to the increase in Aβ production (24). Excessive depo‑
sition of Aβ is toxic to nerve cells and can cause nerve cell 
damage (25). Previously it has been reported that glycyrrhizin 
decreased the production of Aβ, weakened the toxicity to 
nerve cells and significantly improved memory and cogni‑
tive performance in ovariectomized AD model mice  (26). 
The results of the present study demonstrated that naringin 
inhibited the expression of BACE1, decreased the content of 
APP and the production of Aβ, which had a neuroprotective 
effect on model mice. Tau protein is a phosphorous microtu‑
bule protein, which can stabilize microtubule structure (27). 
However, its abnormal modification can cause the Tau protein 
to lose the compositional function of tubulin and trigger the 
disintegration of microtubules, which affects the normal 
transport function of neuronal cells and nerve endings (6). 
Besides, hyperphosphorylated Tau protein has a double‑helical 
structural change, which promotes the formation of NFTs and 
induces AD. Cyclin‑dependent kinase 5 (CDK5) is a major 
regulatory enzyme for Tau phosphorylation, which can affect 
the phosphorylation of Tau (28). The inhibition of CDK5 can 
decrease the production of hyperphosphorylated Tau and thus 
decrease the damage to nerve cells. For instance, curcumins 
are suggested to have therapeutic potential for AD by inhibiting 
Tau phosphorylation (29). In the present study, it was demon‑
strated that naringin decreased the expression levels of CDK‑5 
and p‑Tau, indicating that naringin played neuroprotective 
effect by inhibiting the hyperphosphorylation of Tau.

Glutamate (Glu) is an excitatory neurotransmitter that 
plays a variety of functions by binding to receptors and is an 
important participant in cognitive and memory functions (30). 
NMDAR1 and GluR2 are two important receptors in the 
glutamate system. Excessive Glu activates NMDA exces‑
sively, causing continuous large influx of Ca2+, leading to 
cell damage, and CaMKⅡ is activated and phosphorylated, 
which intensifies NMDA‑mediated Ca2+ influx, causing more 
serious damage to nerve cells (31,32). In the present study, 
it was demonstrated that naringin intervention increased 

the expression of NMDAR1 and GluR2 and inhibited the 
expression of CaMKⅡ, suggesting that naringin can exert 
neuroprotective effects by affecting the glutamate receptor 
system. Neuron loss is an obvious pathological feature of AD, 
while neuron apoptosis is the main cause of neuron loss (33). 
In previous molecular research on neuronal cell apoptosis, 
Bad has been shown to be a pro‑apoptotic protein, and Bcl‑2 
is an anti‑apoptotic protein (34). In addition, caspase‑3 is the 
major executor of apoptosis (35). Gu et al (36) showed that 
FC101 downregulates the expression of Bcl‑2, increased the 
expression of Bad and cleaved caspase‑3. In the present study, 
it was revealed that Naringin inhibited cleaved caspase‑3 and 
Bad, increased the Bcl‑2 expression, and thereby decreased the 
apoptosis of cells and played a neuroprotective role, which is 
consistent with previous reports.

Currently, a previous study has shown that the central 
cholinergic system in patients with AD is obviously damaged 
and defective, and is consistent with the clinical symptoms of 
these patients (7). Ach can regulate the plasticity of synapses 
in nerve endings for memory and learning (7). ChaT is a key 
enzyme synthesized by Ach (37), while the main role of AchE 
is to degrade Ach. In patients with AD, the content of AchE was 
significantly increased, and the level of ChaT was significantly 
decreased, resulting in dysfunctions in the synthesis, release 
and degradation of Ach, and ultimately resulting in a signifi‑
cant decline in brain learning and memory functions (38). In 
the present study, naringin markedly increased the activity of 
ChAT in the hippocampus, decreased the activity of AchE, 
increased the content of Ach and increased the activity and 
function of cholinergic neurons, thereby exerting neuroprotec‑
tive effects. Oxidative stress can lead to peroxidation effects 
on nerve cells, resulting in their damage (39). MDA and exces‑
sive NO produced by lipid peroxidation are neurotoxic, and 
their content can reflect the degree of damage to nerve cells. 
SOD has a strong antioxidant ability, which can effectively 
remove excess superoxide anions and decrease the oxidation 
of cells to achieve the protection of cells (40). Wang et al (41) 
revealed that Scutellarin can decrease MDA content, enhance 
SOD activity and decrease cell damage caused by oxidative 
stress. Consistently, in the present study, Naringin intervention 
increased the content of SOD and decreased the production 
of MDA and NO in the hippocampus of mice, indicating that 
naringin could decrease its toxicity to nerve cells and play a 
neuroprotective role by inhibiting oxidative stress.

Phytoestrogen‑derived plants have similar effects to 
estrogen and can bind with ER to regulate the gene transcrip‑
tion process of certain substances in neurons so as to control 
their expression. In addition, it can also mediate multiple 
signaling pathways to protect nerve cells and improve learning 
and memory capabilities  (42). MAPK is a silk/threonine 
protein kinase that exerts a series of physiological effects 
by binding to membrane ERs (43). P38 is one of the main 
proteins in the MAPK family, and p38 MAPK is the main 
way for MAPK to regulate the physiological response of cells. 
When p38 MAPK is stimulated, it forms a stress MAPK 
signaling pathway, accelerates cell apoptosis and promotes 
inflammation (44). In the present study, it was demonstrated 
that naringin significantly increased the protein expression 
of ERβ and ERα. However, following the addition of ER 
inhibitor, the results of the naringin+ER inhibitor group in the 
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aforementioned tests were significantly different from those of 
the naringin group, but almost the same as the results of the 
model group, suggesting that naringin can play a neuroprotec‑
tive role in memory‑impaired mice through the ER pathway. 
In addition, it was also revealed that naringin could decrease 
the p‑P38/P38 content, indicating that naringin may activate 
the P38 MAPK pathway after binding with ER and plays a 
neuroprotective role. However, this mechanism needs to be 
verified by further experimental studies.

The study concluded that naringin may interact with ERs 
in the hippocampus of mice to mediate Aβ metabolism, Tau 
protein hyperphosphorylation, acetylcholinergic system, 
glutamate receptor system, oxidative stress and cell apoptosis, 
thereby playing neuroprotective effects. Furthermore, naringin 
can also affect the expression of p‑P38/P38. However, there 
are some limitations in the present study. Firstly, the direct 
interaction between naringin and ERs to regulate metabolic 
pathways associated with AD was not demonstrated; therefore, 
future studies will prove through further experiments, such as 
by co‑immunoprecipitation studies. Secondly, it was found that 
Naringin affected the expression of p‑P38/P38, but whether it 
plays a role through the P38 MAPK pathway requires further 
verification.
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