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ABSTRACT
In this study, we aimed to investigate the effect of Magnolol on Alzheimer’s disease (AD). After the 
model of streptozotocin-induced AD mice with brain insulin resistance was established, the mice 
were treated with Magnolol or miR-200c antagomiR. The abilities of ambulations, rearings, 
discrimination, spatial learning, and memory were evaluated by open-field test (OFT), novel object 
recognition (NOR), and morris water maze (MWM) tests. The levels of malondialdehyde (MDA), 
glutathione (GSH), superoxide dismutase (SOD), tumor necrosis factor-α (TNF-α), interleukin-6 (IL- 
6), C-reactive protein (CRP), and miR-200c in the mice hippocampus were evaluated by enzyme- 
linked immunosorbent assay, Western blot, or Quantitative real-time Polymerase Chain Reaction. 
In AD mice model, streptozotocin induced the locomotor impairment and cognitive deficit, up- 
regulated levels of MDA, TNF-α, IL-6, and CRP, while down-regulated levels of GSH, SOD, and miR- 
200c. Magnolol increased the rearings numbers and discrimination index of AD mice in OFT and 
NOR tests. Magnolol increased the number of entries in the target quadrant and time spent in the 
target quadrant and decreased the escape latency of AD mice in the MWM test. Magnolol also 
down-regulated the levels of MDA, TNF-α, IL-6, and CRP, and up-regulated the levels of GSH, SOD, 
and miR-200c in the hippocampus tissues of AD mice. However, miR-200c antagomiR did the 
opposite and further offset the effects of the Magnolol on AD mice. Magnolol attenuated the 
locomotor impairment, cognitive deficit, and neuroinflammatory in AD mice with brain insulin 
resistance via up-regulating miR-200c.
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Introduction

Alzheimer’s disease (AD), the main cause of senile 
dementia, is a degenerative disease of the central 
nervous system characterized by cognitive dysfunc-
tion and behavioral impairment [1,2]. Patients 
with AD suffer from progressive memory loss and 
cognitive decline, which lead to a negative impact on 
their daily life, social activities, and work abilities, 
along with various neuropsychiatric symptoms and 
behavioral disorders [3–6]. Brain insulin resistance is 
one of the key features of AD [7]. Insulin shows 
neuromodulatory actions in the brain and insulin 
signaling is involved in neuronal plasticity, gene 
expression, energy production, and neuronal survi-
val [8]. Insulin signaling impairment and brain insu-
lin resistance may lead to impaired memory and 
cognitive dysfunction in AD [8,9]. Therefore, to 
attenuate the locomotor and cognitive deficits 
caused by brain insulin resistance in AD might be 
one of the key treatments for AD.

Several bioactive substances isolated from nat-
ural products have been proved to possibly exert 
anti-AD effects according to a majority of precli-
nical and clinical trials [10,11]. For instance, 
Ellagic acid possesses the effects of neuroprotec-
tion and cognitive enhancement in sporadic AD 
[12]. Chrysophyllum albidum fruit-supplemented 
diet can enhance memory function and prevent 
cognitive deficits induced by lipopolysaccharide 
by inhibiting oxidative stress-related processes, 
acetylcholinesterase activity and pro- 
inflammatory mediators [13]. Naringin can protect 
the nerve center of mice from damage by enhan-
cing cholinergic transmission, antioxidant defense 
system, and inhibiting lipid peroxidation and nitri-
fication processes [14]. Besides, Luteolin can 
attenuate memory impairment in AD model mice 
[15], and Cryptotanshinone ameliorates inflamma-
tion in the mice by down-regulating pro- 
inflammatory pathways [16].

Magnolol is one of the important active ingre-
dients from Magnolia Officinalis [17,18]. Owing to 
the extensive and important uses of Magnolia 
Officinalis in clinical practice, scholars at home 
and abroad have conducted numerous studies on 
its active ingredients, including Magnolol [17,19]. 
With the deepening of the study, plentiful biolo-
gical activities of Magnolol have been gradually 

uncovered, such as anti-cancer, anti- 
inflammation, and anti-oxidation [20–22]. For 
example, Magnolol holds the capacity to suppress 
the growth of cancer cells and enhance apoptosis 
of the cells in esophagus cancer, osteosarcoma 
cancer, colorectal cancer, etc. [22–24]. Moreover, 
Magnolol can mitigate neuroinflammation and 
oxidative stress in mice with prefrontal cortex 
[25], and it also has the ability to mitigate oxida-
tive stress in adipocytes [21]. In addition, a recent 
research has proved that Magnolol can attenuate 
inflammation in the mice model of formalin- 
induced inflammatory pain and has no deteriorat-
ing effect on their locomotor and cognitive abil-
ities [9]. However, there is still no clue about the 
effect of Magnolol on the neuroinflammation, 
locomotor impairment, and cognitive deficit 
caused by AD. Considering that microRNA 
(miRNA, miR)-200 c was previously proved to 
possess a preventive effect against Aβ peptide- 
induced toxicity in an AD mice model [26], and 
that Magnolol up-regulates the expression of miR- 
200c in cancer cells to exert its anti-cancer effect 
[27], we speculated that Magnolol had a regulatory 
effect on AD, which was also associated with miR- 
200c.

Based on the current background, this study 
aimed to investigate the effects of Magnolol and 
miR-200c on neuroinflammation, locomotor 
impairment, and cognitive deficit in AD, and 
further explore the potential mechanism underly-
ing the effect. The aim of this study was to reveal 
the effect of Magnolol on motor injury, cognitive 
deficits, and neuroinflammation in AD disease 
mice with brain insulin resistance by regulating 
miR-200c expression.

Materials and Methods

Animals and ethics statement

In the present study, 120 male BALB/c mice (Age: 
six-week-old, weighed 25–30 g) were bought from 
Jiangsu ALF Biotechnology (Jiangsu, China, http:// 
www.jsalfei.com/). All mice were raised for 5 days 
in a SPF environment before the experiment. All 
animal experiments were approved by the 
Committee of Experimental Animals of the First 
Affiliated Hospital of Zhejiang Chinese Medical 
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University (Zhejiang Provincial Hospital of 
Traditional Chinese Medicine) (Z20190712N).

Establishment of brain insulin resistance AD mice 
model

The brain insulin resistance AD mice model was 
established in the light of a previous publication 
[28]. In brief, after the mice were anesthetized by 
intraperitoneal injection of 50 mg/kg sodium pen-
tobarbital (1,507,002, MREDA, Beijing, China), 
their scalp was tightened with a stereotactic 
frame. Then a midline sagittal incision was made 
on the scalp with a scalpel blade. The coordinates 
of 0.8 mm behind bregma, 1.5 mm on the left and 
right sides, and 3.6 mm below the skull surface 
were adjusted digitally. A burr hole was subse-
quently drilled on the skulls on both sides of the 
lateral ventricle with a drilling machine (18,036– 
24, ZeRun, Shenzhen, China), after which 
a bilateral injection of 3 mg/kg streptozotocin 
(STZ; S0130, Sigma-Aldrich, St Louis, MO, USA) 
was slowly administered with a volume of around 
4 µl for each side at a speed of almost 1 µl/min. 
After 2 min of injection, the mice were taken out 
of the stereotactic frame and the burr holes (the 
injection place) were filled with dental cement. 
After being dried, the dental cement was removed. 
The wounds in the head skin were also stitched 
with surgical thread, (12,051–11, ZeRun, 
Shenzhen, China) and the mice were then raised 
for further treatment.

Animal grouping

The animal experiment consisted of two parts. Fifty 
mice were involved in the first part and seventy mice 
were involved in the second part.

In the first part, the mice were randomly 
divided into five groups (n = 10 for each group): 
Control group, Model group, Magnolol 5 group, 
Magnolol 10 group, and Magnolol 15 group. In 
the second part, miR-200c AntagomiR and its 
negative control (AntagomiR-NC) were purchased 
from RIBOBIO (Guangzhou, China), and the mice 
were randomly divided into seven groups (n = 10 
for each group): Model group, AntagomiR-NC 
group, AntagomiR group, AntagomiR-NC 
+Magnolol 10 group, AntagomiR-NC+Magnolol 

15 group, AntagomiR+Magnolol 10 group, and 
AntagomiR+Magnolol 15 group.

Animal treatment

The mice in the Control group were normally 
raised without any treatment and set as normal 
control, whereas those in the Model group only 
underwent a surgery to establish AD model. 
Besides, the mice in the Magnolol 5 group, 
Magnolol 10 group, and Magnolol 15 group were 
intragastrically administered with 5 mg/kg, 10 mg/ 
kg, and 15 mg/kg Magnolol (gnololtered with 5 
mg/kg, 1 St Louis, MO, USA) respectively once a 
day for 21 days based on the Model group.

The mice in the Model group only underwent 
a surgery to establish AD model, whilst those in 
the AntagomiR-NC group and the AntagomiR 
group were intracranially injected with AntagomiR 
negative control and miR-200c AntagomiR respec-
tively after the intracranial injection of STZ during 
the surgery to establish the AD model. In the 
AntagomiR-NC+Magnolol 10 group and the 
AntagomiR-NC+Magnolol 15 group, based on the 
AntagomiR-NC group, the mice were intraperitone-
ally injected with 10 mg/kg and 15 mg/kg Magnolol 
once a day for 21 days, respectively. In the 
AntagomiR+Magnolol 10 group and the 
AntagomiR+Magnolol 15 group, based on the 
AntagomiR group, the mice were intraperitoneally 
injected with 10 mg/kg and 15 mg/kg Magnolol 
once a day for 21 days, respectively. We chose the 
dose and treatment time of Magnolol according to 
the study of Yi-Ruu Lin et al [29].

On the 14th day, the open-field test (OFT) was 
performed in all mice. On the 15th and 16th days, 
the novel object recognition (NOR) test was con-
ducted in all mice. From the 17th to the 21st day, 
all mice received the morris water maze (MWM) 
test. After the completion of MWM test, all mice 
were anesthetized by intraperitoneal injection of 
50 mg/kg sodium pentobarbital and sacrificed by 
cervical dislocation. Finally, the hippocampus tis-
sues of all mice were taken out for further use.

OFT

On the 14th day, the OFT was performed in all 
mouse [30]. The OFT was carried out in the open 
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field test using a video analysis system (XR-XZ301, 
XinRuan information Technology Co., Ltd, 
Shanghai, China), and the experimental device 
consists of two parts as the open field (40 cm × 
40 cm × 40 cm; central area: 20 cm × 20 cm) and 
the data automatic acquisition and processing sys-
tem. The experiments were all performed at 9:30 
am so as to keepa quiet experimental environment. 
In order to eliminate odors, the field was cleaned 
with 70% alcohol (E111991, Aladdin, Shanghai, 
China) before each mouse was tested. The mice 
were removed from the home cage, and placed in 
the center of the bottom in the box. The timing 
and photographed were started simultaneously 
and stopped 5 minutes (min) later. At the end of 
the experiment, the experimental data were ana-
lyzed by the video analysis system, including the 
crossings and rearings numbers.

NOR evaluation

The NOR test was conducted on the 15th day and 
the 16th day as previously described [9] to evaluate 
the discrimination capacity of all mice for two 
different objects. The test was performed under 
a circular open feldspar with a diameter of 50 cm 
and a height of 40 cm. On the 15th day, the mice 
were trained for 2 min firstly under the circular 
open feldspar to adapt to the environment and 
familiarize themselves with the arena. Then two 
similar rectangular objects (10 cm high) were 
taped to the arena floor 10 cm above the ground. 
The distance between the two objects was nearly 
20 cm. Each mouse was then placed in the circular 
arena, and it was considered that the mice 
explored the objects (the whole process of explora-
tion was recorded on video) when the distance 
between the nose of mice and the object was less 
than or equal to 2 cm. Then the mice were taken 
out of the arena. The arena and two objects were 
cleaned with 75% ethanol (E885996, Macklin, 
Shanghai, China) to eliminate the olfactory cues 
of the mice.

On the 16th day, one of the two objects was 
replaced with a novel object of the same height but 
with completely different shape and color. The 
novel object was placed in the same position and 
fixed in the same way as the previous one. Each 
mouse was then placed in the circular arena again 

to explore the familiar and novel objects, and the 
whole process of exploration was recorded on 
a video camera (FDR-AX60, SONY) again. The 
time to explore the familiar object was named Tf 
and the time to explore the novel object was 
designated as Tn. Finally, the discrimination 
index was calculated by the formula: discrimina-
tion index = (Tn–Tf)/(Tn+Tf).

MWM test

The MWM test was conducted on the 17th day 
and the 21st day as previously described [9] to 
measure the abilities of spatial learning and mem-
ory in all mice. Mice were trained during the first 
four days (from the 17th day to the 20th day) and 
subjected to a probe trial on the last day (the 21st 
day). The water maze was a circular pool with a 
diameter of 180 cm and a height of 60 cm. Briefly, 
24 hours (h) before the spatial learning trial, the 
mice were familiarized with the water maze for 
60 seconds (s). During the first four days of train-
ing, mice were trained to find the hidden platform 
which was 1 cm below the water and the time to 
reach the platform (escapes latency) was docu-
mented. During the trials, mice that failed to 
reach the hidden platform within 60 s were guided 
to the platform and stayed on the platform for 30 
s. On the last day, a 60 s probe test was conducted 
without the hidden platform to evaluate the mem-
ory of mice, and the time spent in the target 
quadrant and the number of entries in the target 
quadrant were documented by a video camera 
(FDR-AX60, SONY, Tokyo, Japan) and analyzed 
by the SMART v.3.0 software system (Panlab, 
Barcelona, Spain).

Enzyme-linked immunosorbent assay[31]

The MDA ELISA kit (Jianglai Biotechnology Co., 
Ltd., Shanghai, China; http://jianglai.foodmate.net/ 
sell/itemid-266191.shtml) was used to evaluate the 
level of MDA in tissue samples. According to the 
operating instructions of the kit, the standards 
were diluted and the samples were prepared, then 
the prepared standards (50 μl) and tissue samples 
(50 μl) were added to a 96-well plate, after which 
the plate was incubated at 37°C for 30 min. Next, 
the plate was washed with wash buffer and added 
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with 50 μl of Enzyme-labeled reagent, which was 
then incubated (37°C) for 30 min and washed 
again with wash buffer. Finally, the 50 μl of colora-
tion buffer A and 50 μl of coloration buffer B were 
added into the plate for further 15 min of incuba-
tion in the dark. Finally, the 50 μl of stop buffer 
was added into the 96-well plate. The absorbance 
of each well was measured under the Imark micro-
plate reader (Bio-Rad, Alfred Nobel Drive 
Hercules, CA, USA).

Mice ELISA kits for Glutathione (GSH; MM- 
44117 M2, MEIMIAN, China), superoxide dismu-
tase (SOD; MM-0389 M2, MEIMIAN, China), 
tumor necrosis factor-α (TNF-α; MM-0132 M2, 
MEIMIAN, China), interleukin-6 (IL-6; MM- 
1011 M2, MEIMIAN, China), and C-reactive pro-
tein (CRP; MM-0074 M2, MEIMIAN, China) were 
collected. In brief, the homogenates of hippocam-
pus tissues (50 μl) and standard samples (50 μl) 
were separately added into the 96-well plate pro-
vided in the ELISA kits. After being incubated at 
37°C for 30 min, the plate was washed five times 
with wash buffer. Then 100 μl of working buffer 
was added into the 96-well plate and incubated at 
37°C for 30 min. After washing five times with 
wash buffer, the 96-well plate was added with 
100 μl of coloration buffer and incubated at 37°C 
for 10 min. Finally, the stop buffer was added into 
the 96-well plate and the absorbance of each well 
was measured under the Imark microplate reader.

Real-time fluorescent quantitative polymerase 
chain reaction

MiRNAs in the mice hippocampus tissues were 
extracted using a PureLink miRNA Isolation Kit 
(K157001, Invitrogen, MA, USA) for quantifying 
the expression of miR-200c. Then the reverse- 
transcription was conducted using a PrimeScript 
RT reagent Kit (RR047A, Takara, Tokyo, Japan). 
In brief, 2 μg of miRNA was mixed with 2 μl of 
gDNA Eraser Buffer, 1 μl of gDNA Eraser, and 
5 μl of RNase Free dH2O, and the mixed solution 
was reacted at room temperature for 30 min. The 
solution was further mixed with 1 μl of PrimeScipt 
RT Enzyme Mix, 1 μl of RT Primer Mix, 4 μl of 
PrimeScript Buffer 2, and 4 μl of RNase Free dH2 
O. After reaction at 37°C for 15 min and at 85°C 
for 5 s, the cDNA solution was collected and 

stored at 4°C. Finally, the amplification of cDNA 
was conducted also using the PrimeScript RT 
reagent Kit. In short, 2 μl of cDNA solution was 
mixed with 12.5 μl of SYBR Premix Ex TaqII, 2 μl 
primers of miR-200c or U6, and 8.5 μl of dH2O. 
The mixed solution was further reacted in the 
QuantStudio6 system (Applied Biosystems, CA, 
USA) under the conditions as follows: at 95°C 
for 30 s, 95°C for 5 s, and 60°C for 35 s, for 40 
cycles. After the reaction was completed, the 
expression level of miR-200c was quantified using 
the 2−ΔΔCt method [32], with U6 serving as an 
internal control. The primers of miR-200c were: 
F: 5ʹ-CTTAAAGCCCCTTCGTCTCC-3ʹ, R: 5ʹ- 
ACCGATTTACCCACCCTCAT-3ʹ; and those of 
U6 were: F: 5ʹ-CTCGCTTCGGCAGCACA-3ʹ, R: 
5ʹ-AACGCTTCACGAATTTGCGT-3ʹ.

Western blot[33]

The homogenates of mice hippocampus were 
incubated with NP-40 (R21234, OKA, Beijing, 
China) for 15 min and centrifuged (14,000 × g) 
at 4°C for 30 min. Afterward, the total protein in 
the hippocampus tissues was collected and subse-
quently subjected to the detection of concentration 
using a BCA detection kit (P0012S, Beyotime, 
Shanghai, China). After denaturation, the protein 
was added into a 10% SDS-PAGE gel (CW0022, 
CWBIO, Beijing, China), electrophoresed for 
1.5 h, and then transferred on the PVDF mem-
brane (JKA40001, OKA). The membrane subse-
quently was blocked with 5% nonfat milk at 
room temperature for 1 h and incubated with the 
primary antibodies at 4°C overnight. After the 
membrane was further incubated with the second-
ary antibody at room temperature for 2 h, the 
signal of protein was detected and quantified by 
Image Lab 3.0 (Bio-Ras, CA, USA). In this test, all 
information of antibodies is listed in Table 1.

Statistical analysis

In this study, SPSS 20.0 was used for statistical 
analysis of data. Multiple sets of data were ana-
lyzed by one-way ANOVA. Dunnett’s was used as 
a post-hoc test. P < 0.05 indicated that the data 
were statistically significant.
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Results

Magnolol ameliorated the impairment of 
locomotor activity and cognitive function, and 
regulated the levels of oxidative-related factors 
in AD model mice with brain insulin resistance

In order to explore the effects of Magnolol on AD 
mouse model, we examined the effects of Magnolol 
on motor and cognitive functions of AD brain insulin 
resistant mice, as well as the expression levels of oxy-
gen-related factors. The OFT was firstly conducted to 
evaluate the locomotor activity of the mouse, and the 
results showed that the numbers of crossings 
(Figure 1a) and rearing (Figure 1b) of the AD mice 
were significantly decreased as compared to the 
Control group (P < 0.05), while after the mice were 
treated with 10 mg/kg and 15 mg/kg Magnolol, the 
number of rearing was increased when compared 
with the Model group (P < 0.05). Then NOR test 
was conducted to evaluate the discrimination ability 
of the mouse. As exhibited in Figure 1c, the discrimi-
nation index of the AD mice was significantly reduced 
as compared to the Control group (P < 0.001), while 
an increased index was evidenced after the mouse 
were treated with 5 mg/kg, 10 mg/kg, and 15 mg/kg 
Magnolol when compared with the Model group (P 
< 0.001). Besides, the MWM test (Figure 1d-f) was 
further performed to evaluate the spatial learning and 
memory ability of the mouse. When compared with 
the Control group, the escape latency (Figure 1d) was 
increased and the number of entries in the target 
quadrant (Figure 1e) and the time spent in the target 
quadrant (Figure 1f) were decreased in AD mouse (P 
< 0.001). However, after mice in the model group 
were treated with different doses of magnolol com-
pared to mice in the only model treatment group, the 
escape latency (P < 0.05) was decreased and the num-
ber of entries in the target quadrant (P < 0.001) and 
the time spent in the target quadrant (P < 0.001) were 
increased. All these phenomena suggested that 

Magnolol ameliorated the impairment of the locomo-
tor activity and cognitive function of AD model mice 
with brain insulin resistance.

In view of the previous confirmation that the 
impairment of cognitive function in AD patients 
with brain insulin resistance was induced by the 
oxidative damage in the hippocampus [9], the 
secretions of oxidative-related factors were 
detected by ELISA (Figure 1g-i). The results exhib-
ited that in AD mice, the level of MDA (Figure 1g) 
was up-regulated and those of GSH (Figure 1h) 
and SOD (Figure 1i) were down-regulated when 
compared with the Control group (P < 0.001), 
while Magnolol decreased the level of MDA 
(P < 0.05) and increased the levels of GSH and 
SOD as compared to the Model group (P < 0.01).

Magnolol down-regulated the levels of 
inflammation-related factors and up-regulated 
the level of miR-200c in AD model mice with 
brain insulin resistance

In order to explore the effect of Magnolol on 
inflammatory factors in AD model mice at the 
molecular biological level, we detected the expres-
sion level of miR-200c in magnolol-treated mice. 
Then the secretions of inflammation-related fac-
tors in hippocampus tissues were evaluated by 
ELISA (Figure 2a-c). As the data presented, the 
levels of TNF-α, IL-6, and CRP were obviously up- 
regulated in AD mice in comparison with the 
Control group (P < 0.001), while as compared to 
the Model group, the levels of TNF-α, IL-6, and 
CRP were down-regulated by 10 mg/kg and 15 
mg/kg Magnolol (P < 0.001). Besides, the levels 
of TNF-α, IL-6, and CRP in hippocampus tissues 
were also detected by Western blot (Figure 2d-e), 
and the results further verified the finding of 
ELISA. Furthermore, when compared with the 
Control group, a down-regulated expression of 

Table 1. All antibodies information and sources in Western blot in this study.
ID Catalog number Company (country) Molecular weight Dilution ratio

TNF-α ab215188 Abcam (Cambridge, UK) 26 kDa 1/1000
IL-6 ab229381 Abcam (Cambridge, UK) 24 kDa 1/1000
CRP ab259862 Abcam (Cambridge, UK) 25 kDa 1/100
GAPDH ab9485 Abcam (Cambridge, UK) 37 kDa 1/2500
Rabbit IgG ab205718 Abcam (Cambridge, UK) 1/2000
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miR-200c (P < 0.001; Figure 2f) was found in the 
AD mice, which was restored by 5 mg/kg, 10 mg/ 
kg, and 15 mg/kg Magnolol (P < 0.05) in compar-
ison with the Model group.

MiR-200c antagomiR offset the effects of 
Magnolol on locomotor activity and cognitive 
function and levels of oxidative-related factors in 
AD model mice with brain insulin resistance

Further, we analyzed the effects of Magnolol on 
motor activity, cognitive function and the levels of 
oxygen-related factors in AD model mice by up- 
regulation of miR-200c. To confirm that the effects 
of Magnolol in AD mice with brain insulin resis-
tance were mediated by regulating miR-200c, 

another animal experiment was conducted with 
miR-200c antagomiR (AntagomiR). As shown in 
Figure 3a, miR-200c expression was down- 
regulated by AntagomiR (P < 0.001) and up- 
regulated by Magnolol (P < 0.001) when compared 
with the AntagomiR-NC group; however, after co- 
treatment with AntagomiR and Magnolol (the 
AntagomiR+Magnolol 10 group and the 
AntagomiR+ Magnolol 15 group), the effects of 
AntagomiR and Magnolol on miR-200c expression 
were offset by each other. In the OFT, the num-
bers of crossings (Figure 3b) and rearings 
(Figure 3c) were down-regulated by AntagomiR 
(P < 0.001), but these numbers were up-regulated 
by Magnolol (P < 0.001) when compared with the 
AntagomiR-NC group. In the AntagomiR 

Figure 1. Magnolol ameliorated the impairment of locomotor activity and cognitive function, and regulated the levels of oxidative- 
related factors in AD model mice with brain insulin resistance. (a-b) OFT was performed to measure the locomotor activity of the 
mice. (c) NOR evaluation was conducted to measure the discrimination ability of the mice. (d-f) MWM test was used to evaluate the 
spatial learning and memory ability of the mice. (g-i) The secretions of MDA (g), GSH (h), and SOD (i) in hippocampus tissues of the 
mice were detected by ELISA. (*P < 0.05, ***P < 0.001, vs. Control; ^P < 0.05, ^^P < 0.01, ^^^P < 0.001, vs. Model). (AD: Alzheimer’s 
disease, OFT: open-field test, NOR: novel object recognition, MWM: morris water maze, MDA: malondialdehyde, GSH: glutathione, 
SOD: superoxide dismutase).
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+Magnolol 10 group and the AntagomiR 
+Magnolol 15 group, the numbers of crossings 
and rearings were increased, and the effects of 
AntagomiR and Magnolol on the number of rear-
ings were neutralized by each other. In the NOR 
evaluation (Figure 3d), the discrimination index 
was down-regulated by AntagomiR (P < 0.001) 
and up-regulated by Magnolol (P < 0.001) when 
compared with the AntagomiR-NC group, while 
in the AntagomiR+Magnolol 10 group and the 
AntagomiR+ Magnolol 15 group, the effects of 
AntagomiR and Magnolol on the discrimination 
index were neutralized by each other. In the 
MWM test, when compared with the AntagomiR- 

NC group, AntagomiR increased the escape 
latency (P < 0.05; Figure 3e) and decreased the 
number of entries in the target quadrant (P 
< 0.001; Figure 3f) and the time spent in the target 
quadrant (P < 0.001; Figure 3g). Magnolol, how-
ever, decreased the escape latency (P < 0.05) and 
increased the number of entries in the target quad-
rant (P < 0.001) and the time spent in the target 
quadrant (P < 0.001). Besides, in the AntagomiR 
+Magnolol 10 group and the AntagomiR 
+Magnolol 15 group, the effects of AntagomiR 
and Magnolol on escape latency, the number of 
entries in the target quadrant and the time spent in 
the target quadrant were neutralized by each other.

Figure 2. Magnolol down-regulated the levels of inflammation-related factors and up-regulated the level of miR-200c in AD model 
mice with brain insulin resistance. (a-c) The secretions of TNF-α (a), IL-6 (b), and CRP (c) in hippocampus tissues of the mouse were 
detected by ELISA. (d-e) The expressions of TNF-α, IL-6, and CRP in hippocampus tissues of the mice were detected by Western blot. 
GAPDH was used as an internal control. (f) The expression of miR-200c in hippocampus tissues of the mouse was detected by RT- 
qPCR, and U6 was used as an internal control. (***P < 0.001, vs. Control; ^P < 0.05, ^^P < 0.01, ^^^P < 0.001, vs. Model). (AD: 
Alzheimer’s disease, TNF-α: tumor necrosis factor-α, IL-6: interleukin-6, CRP: C-reactive protein).
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As for the secretions of oxidative-related fac-
tors (Figure 3h-j), when compared with the 
AntagomiR-NC group, AntagomiR increased the 
levels of MDA (P < 0.001; Figure 3h) but 
decreased those of GSH (P < 0.001, Figure 3i) 
and SOD (P < 0.001, Figure 3j), while Magnolol 
inhibited the level of MDA (P < 0.05) but raised 

the levels of GSH (P < 0.001) and SOD 
(P < 0.001). Meanwhile, in the AntagomiR 
+Magnolol 10 group and the AntagomiR 
+Magnolol 15 group, the effects of AntagomiR 
and Magnolol on the levels of these oxidative- 
related factors were neutralized by each other. 
All the evidence suggested that the effect of 

Figure 3. miR-200c antagomiR offset the effects of Magnolol on locomotor activity and cognitive function and levels of oxidative- 
related factors in AD model mice with brain insulin resistance. (a) The expressions of miR-200c in hippocampus tissues of the mice 
were quantified by RT-qPCR. U6 was used as an internal control. (b-c) OFT was performed to measure the locomotor ability of the 
mice. (d) NOR evaluation was employed to measure the discrimination ability of the mice. (e-g) MWM test was conducted to 
evaluate the spatial learning and memory ability of the mice. (h-j) The secretions of MDA (h), GSH (i), and SOD (j) in hippocampus 
tissues of the mice were detected by ELISA. (*P < 0.001, **P < 0.001, ***P < 0.001, vs. AntagomiR-NC; ^P < 0.05, ^^^P < 0.001, vs. 
AntagomiR; #P < 0.05, ##P < 0.01, ###P < 0.001, vs. AntagomiR-NC+ Magnolol 10; &P < 0.05, &&P < 0.01, &&&P < 0.001, vs. AntagomiR- 
NC+ Magnolol 15). (AD: Alzheimer’s disease, OFT: open-field test, NOR: novel object recognition, MWM: morris water maze, MDA: 
malondialdehyde, GSH: glutathione, SOD: superoxide dismutase, PCO: protein carbonylation).
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Magnolol on AD mice with brain insulin resis-
tance was mediated by regulating miR-200c.

MiR-200c antagomiR offset the effect of 
Magnolol on the levels of inflammation-related 
factors in AD model mice with brain insulin 
resistance

Meanwhile, we analyzed the effect of Magnolol on 
the levels of inflammation-related factors in AD 
model mice by upregulation of miR-200c. The 
levels of inflammation-related factors in hippo-
campus tissues were finally detected using both 
ELISA (Figure 4a-c) and Western blot 
(Figure 4d-e). The levels of TNF-α, IL-6, and 
CRP were up-regulated by AntagomiR (P < 0.05) 
and down-regulated by Magnolol (P < 0.001) when 
compared with the AntagomiR-NC group, while 
the effects of AntagomiR and Magnolol on the 
levels of these factors were neutralized by each 
other after co-treatment with AntagomiR and 

Magnolol (the AntagomiR+ Magnolol 10 group 
and the AntagomiR+Magnolol 15 group). This 
discovery indicated that miR-200c antagomir off-
set the effect of Magnolol on the expressions of 
TNF-α, IL-6, and CRP in AD model mice with 
brain insulin resistance, which further revealed 
that the effect of Magnolol in AD mice with 
brain insulin resistance was mediated by regulat-
ing miR-200c.

Discussion

In this study, streptozotocin (STZ) was firstly 
intracerebroventricularly injected into the mouse 
to mimic the pathological and behavioral altera-
tions in sporadic AD patients with brain insulin 
resistance. The major symptoms of patients suffer-
ing from AD with brain insulin resistance are 
memory loss, cognitive decline, and locomotor 
impairment [3–5], and in our study, the STZ- 
induced mice also exhibited impaired locomotor 

Figure 4. miR-200c antagomiR offset the effect of Magnolol on the levels of inflammation-related factors in AD model mice with 
brain insulin resistance. (a-c) The secretions of TNF-α (a), IL-6 (b), and CRP (c) in hippocampus tissues of the mice were detected by 
ELISA. (d-e) The expressions of TNF-α, IL-6, and CRP in hippocampus tissues of the mice were detected by Western blot. GAPDH was 
used as an internal control. (*P < 0.001, ***P < 0.001, vs. AntagomiR-NC; ^^P < 0.05, ^^^P < 0.001, vs. AntagomiR; ##P < 0.01, ###P 
< 0.001, vs. AntagomiR-NC+ Magnolol 10; &&&P < 0.001, vs. AntagomiR-NC+ Magnolol 15). (AD: Alzheimer’s disease, TNF-α: tumor 
necrosis factor-α, IL-6: interleukin-6, CRP: C-reactive protein).
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and cognitive capacities, which indicated that the 
brain insulin resistance AD mice model induced 
by STA was successfully established.

Magnolol, one of the important active ingredi-
ents from Magnolia Officinalis, possesses plentiful 
biological activities including anti-cancer, anti- 
inflammation, and anti-oxidation [20–22]. A 
recent study has proved that Magnolol can attenu-
ate inflammation in the formalin-induced inflam-
matory pain mice while causing no deteriorating 
effect on their locomotor and cognitive abilities 
[9]. In this study, we observed the effects of 
Magnolol on the behavior of mouse with intracra-
nial insulin resistance, and found that through the 
escape latency, the number of times to enter the 
target area and the time in the target area, 
Magnolol could attenuate locomotor impairment 
and cognitive deficit for the first time, although 
the specific effect and mechanism still needs more 
exploration.

In terms of molecular studies, it has been found 
that NEAT1 induces Mir-124-3p to inhibit sh-SY5Y 
cytotoxicity and reduce cellular inflammatory 
response, indicating that miRNA has a certain reg-
ulatory role in the development of AD [34]. Since 
miR-200c was previously proved to possess 
a defensive effect against Aβ peptide-induced toxi-
city in an AD mice model [26] and Magnolol 
achieves its anti-cancer effect via up-regulating the 
expression of miR-200c in cancer cells [27], we 
speculated that the effect of Magnolol on AD mice 
with brain insulin resistance is also associated with 
miR-200c. Here, we further discovered that 
Magnolol enhanced the level of miR-200c in the 
hippocampus tissues of AD mice with brain insulin 
resistance, and miR-200c antagomiR not only 
exerted opposite effects but also offset the effect of 
Magnolol on the locomotor activity and cognitive 
function of AD mice with brain insulin resistance, 
which led us to the conclusion that the effects of 
Magnolol on AD mice with brain insulin resistance 
are also mediated by up-regulating miR-200c.

Changes in behavioral disorders and cognitive 
impairment are induced by brain oxidative stress 
damage in the synapses and hippocampus [35–37]. 
The process of oxidative damage causes a range of 
intermediates and end products including MDA 
[38,39]. Besides, during oxidative damage, the levels 
and activities of antioxidant enzymes such as SOD 

and GSH were suppressed in AD [39]. To enhance 
the reliability of the logic of our research, we then 
detected the levels of oxidative-related factors in the 
hippocampus tissues of AD mice with brain insulin 
resistance. We discovered that the up-regulated 
MDA in AD mice with brain insulin resistance 
were decreased by Magnolol and increased by miR- 
200c antagomiR, whereas the down-regulated SOD 
and GSH were increased by Magnolol and decreased 
by miR-200c antagomiR, in addition to the discovery 
that the effects of miR-200c antagomiR and 
Magnolol were offset by each other. These results 
indicated that Magnolol mitigated oxidative stress 
in AD mice with brain insulin resistance by regulat-
ing miR-200c.

In addition, neuronal dysfunction is the conse-
quence of reactive oxygen species generation during 
oxidative stress damage [9]. Neuroinflammation is 
the key feature of neuronal dysfunction and neuro-
degeneration in the STZ-induced AD model [9,40]. 
STZ results in the release of pro-inflammatory cyto-
kines such as TNF-α, IL-6, and CRP by activating the 
microglia, and finally contributes to neuroinflamma-
tion [6,40,41]. It was exhibited in our study that the 
up-regulated TNF-α, IL-6, and CRP in the hippo-
campus tissues of AD mice with brain insulin resis-
tance were decreased by Magnolol and increased by 
miR-200c antagomiR. Likewise, the effects of miR- 
200c antagomiR and Magnolol were offset by each 
other. This evidence revealed that Magnolol attenu-
ated neuroinflammation in AD mice with brain 
insulin resistance by regulating miR-200c.

Conclusion

In conclusion, our research demonstrated that 
Magnolol can alleviate the cognitive impairment, 
neuroinflammation and other symptoms of AD 
mice by up-regulating the expression of miR-200c.

Limitation

However, we should measure the brain insulin level 
in the AD mice for exploring the effects of Magnolol 
on the expression of miR- 200c in AD mice.

Future strategy
Therefore, in the next study, we will further 

examine the effect of Magnolol on the brain insu-
lin level of mice.
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Highlights

● Magnolol attenuated the locomotor impair-
ment of Alzheimer’s disease mice.

● Magnolol attenuated cognitive deficit and 
neuroinflammatory of Alzheimer’s disease 
mice.

● Magnolol up-regulating miR-200c in 
Alzheimer’s disease mice.
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