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Abstract

Background - Baicalin has been shown to promote spatial
learning and neural regeneration, which might increase the
differentiation of neural stem cells in Alzheimer’s disease
(AD) rat models. We aimed to study the role of baicalin on
neuronal pentraxin-1 (NPTX-1), neuronal pentraxin-2 (NPTX-2),
and C-reactive protein (CRP) in AD model rats.

Methods — The 30 male Sprague Dawley rats were divided
into three groups: the control group, the AD model group,
and the AD + baicalin group. Then, the Morris water maze
was used to verify the effect of baicalin on the memory and
spatial learning of rats. Immunohistochemistry and immuno-
fluorescence were used to observe the expression of NPTX-1,
NPTX-2, and CRP in brain tissue.

Results — Compared with the AD model group, the AD
rats treated with baicalin spent significantly less time
finding escape latencies (P = 0.008) and had longer cross-
platform times in the target quadrant (P = 0.015). In addition,
the AD + baicalin group had significantly higher numbers of
hippocampal neurons compared with the AD model group
(P < 0.05). Baicalin also obviously decreased the apoptosis of
neurons. Moreover, compared with the AD model group, the
NPTX-1 and CRP expression in the AD + baicalin group was
significantly reduced (P = 0.000) while the expression of
NPTX-2 in the brain tissue of AD rats was significantly
increased (P = 0.000).
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Conclusions — Baicalin can play a therapeutic role by
downregulating NPTX-1, upregulating NPTX-2, and down-
regulating CPR in AD model rats.
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1 Introduction

Alzheimer’s disease (AD) is a progressive neurodegenera-
tive disorder with characteristic neuropathological marker
of AD is extracellular B amyloid (Ap) protein deposits, and
nerve fiber tangles formed by phosphorylated Tau protein
in cells. It has been reported that immunological changes,
oxidative stress, microvascular changes, inflammatory reac-
tions, and excitotoxicity were the main mechanisms in the
development of AD [1]. Although much improvement has
been made in treating AD, memory loss in AD remains an
important unknown factor affecting the development of
treatment [2]. The reduction in synapse numbers and the
levels of soluble oligomeric forms of AP protein were the
main cause of memory loss in AD [3,4]. Recently, researchers
have focused on finding biomarkers related to AD, which
will help for clinical treatment decision.

The prominent role of pentraxins (PTXs), including neu-
ronal pentraxin-1 (NPTX-1), neuronal pentraxin-2 (NPTX-2),
and C-reactive protein (CRP) in synaptic plasticity raises the
possibility that its expression may be altered in AD that are
characterized by synaptic dysfunction and loss [5]. Previous
studies have indicated that NPTXs is the key factors of
synaptic loss, ganglion damage, and neuronal death in AD
induced by AP [6,7]. Besides, PTXs have been implicated in
the regulation of glutamate neurotransmission in excitatory
neurons. In synapses, NPTX1, NPTX2 combined with their
receptor to recruit and cluster AMPA-type glutamate recep-
tors [8]. NPTX1, NPTX2, and CRP were the key biomarkers
for improving memory for AD.

Recently, baicalin has been shown to promote spatial
learning and neural regeneration [9], which might increase
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the differentiation of neural stem cells in AD rat models
[10]. Baicalin, which is also known as 7-glucuronic acid and
5, 6-dihydroxyflavone, is extracted from the dried roots of
Scutellaria baicalensis Georgi. [11]. Jin et al. [12] indicated
that baicalin is a potential neuroprotective compound for
preventing and treating microglia-mediated neuroinflam-
mation during AD progression. Yin et al. [13] showed that
baicalin may inhibit Ap aggregation and thereby delay or
modify the progression of AD. Li et al. has suggested that
baicalin could relieve oxidative stress damage in hippo-
campal neuron cells induced by glutamate [14]. NPTX1,
NPTX2, and CRP were biomarkers related to neurochem-
ical and glutamate, which might be a novel mechanism of
treating AD by baicalin.

Thus, in our study, we evaluated the effect of baicalin
on AD rats using Morris water maze (MWM). Then, the
immunohistochemistry and immunofluorescence were
used to observe the expression of NPTX-1, NPTX-2, and
CRP in brain tissue. Our results may offer a theoretical
basis for the use of baicalin, the active components of
which promote nerve regeneration.

2 Materials and methods

2.1 Experimental drug

Baicalin (purity >99%) was supplied by Shanghai yuanye
Bio-Technology Co., Ltd (Shanghai, China). Amyloid B-pro-
tein, Fragment1-40 (AB1-40) (Abcam, St Louis, MO, USA)
was attenuated to 5 g/L with sterile double-distilled water,
and then incubated in an incubator (37°C) for 7 days. After
that, Ap1-40 was stored at —20°C.

2.2 Animals and AD rats model preparation

A total of 30 healthy Sprague Dawley (SD) male rats (weighing
250-300 g) were obtained from the Animal Center of First
Hospital affiliated to Harbin Medical University (Harbin,
China). The SD rats were raised under the barrier system of
room temperature and humidity (40-50%), and experimental
conditions were kept according to the SPF standard.

The 30 SD rats were randomly classified into the con-
trol group, the AD model group, and the AD + baicalin
group (n = 10 per group) for anesthesia without signs of
peritonitis. Rat brains were fixed on a stereoscopic instru-
ment, and the hair and scalp were removed to make the
cranium expose. The hippocampus was injected unilaterally
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with 2 uL (10 ug) AB1-40 solution using a micro-syringe in
5 min. The control group was treated with an equal volume
of sterile normal saline. After surgery, dental clay was used
to seal the holes and the scalp was sutured and treated with
a disinfectant to avoid infection [10]. The rats were kept in a
single cage until fully awake. After obtaining the AD model,
the AD + bhaicalin group was given 10 mg/kg of the drug via
gavage for 30 days. The control group and the AD group
were given an equal volume of saline via gavage.

2.3 MWM

The MWM (sansbio, China), was first applied by Morris
(1984) to assess memory function and spatial learning
which normally used visual cues [15]. We used the MWM
to perform the place navigation test as follows. The rats
were first placed into the water in southeast, northeast,
northwest, and southwest, randomly [16]. The experimental
device could track the movement of the rats in the water
through the video system. The time from initial entry into
the water to their first arrival at the platform was recorded
as the escape latency. If the rats did not find the platform
within 90 s, the rats were guided to the platform to rest for
15s and the incubation period was recorded as 90s. After
60 s, we proceeded to the next test. The rats were tested four
times a day for 6 days, and the escape incubation period was
recorded in detail using the video system.

The spatial probe test was used to detect changes
within the spatial memory of the rats. This test was con-
ducted on the second day after the place navigation test,
during which time the platform was removed. The rats
were placed into the water at a random entry point within
the quadrant corresponding to the platform. The rats were
allowed to swim freely in the water for 90s. Then, we
recorded the time that rats stayed in the quadrant corre-
sponding to the platform.

2.4 Tissue preparation and
hematoxylin-eosin (HE) staining

Chloral hydrate was used to anesthetize animals at a dose
of 300 mg/kg. After fixation, the brains were removed, and
then the rats immediately were euthanized with an injection
of sodium pentobarbital at a dose of 150 mg. When the rat’s
breathing stops and the heart stops beating, it is determined
to be dead. The brain was dehydrated by gradient alcohol,
and embedded in paraffin for immunochistochemical ana-
lysis, HE staining (HE, Wanleibio, China), and immunofluor-
escence. The paraffin-embedded tissue was cut into 3 ym-
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thick sections and paraffin was removed by gradient ethanol.
Brain sections were stained with hematoxylin for 1-2 min
and eosin for 30-60s. After that, the sections were dehy-
drated with ethanol, sealed with neutral gum, and cleared
with xylene [17]. After finding the hippocampus area under
the low power microscope, we randomly selected five high
power fields and counted the number of neurons in each high
power field with Image ]J.

2.5 Immunohistochemistry and
immunofluorescent staining

Sections of paraffin-embedded brain slices were deparaffi-
nized and rehydrated before blocking non-specific antigen
binding with 5% bovine serum albumin (Boster Biological
Technology, China). The following primary antibodies
were used: NPTX-1 (1:50; Abcam, Cambridge, UK), NPTX-
2 (1:200; Abcam, Cambridge, UK), and CRP (1:100; Abcam,
Cambridge, UK). Goat anti-rat/rabbit (Beijing Zhongshan
Jingiao Biotechnology, China) polymer enhancer and goat-
resistant rabbit/rat IgG-conjugated polymer were added to
each tissue section. Afterward, the immunostained sections
were developed in diaminobenzidine (Beijing Zhongshan
Jinqiao Biotechnology, China) and counterstained with a
weak solution of hematoxylin solution. The stained tissue slices
were visualized on a microscope (DMI6000B, Leica, USA).

The immunofluorescence staining protocol on the first
day was the same as the immunohistochemical staining
protocol, which was performed to evaluate the localization
of NPTX-1, NPTX-2, and CRP. The luciferin antibody (100 pL)
was added to each stained section. After incubating the
sections in the dark at room temperature for 1h, a drop of
4',6-diamindino-2-phenylindole (Beijing Zhongshan Jingiao
Biotechnology, China) staining agent was added to each
tissue section. An anti-quenching agent was added to seal
the sections. The staining results were observed under a
fluorescence microscope.

2.6 Western blot

The radioimmunoprecipitation assay buffer was used to
isolate the total protein, and then it was quantified using
bicinchoninic acid assay (Thermo Invitrogen, Waltham,
MA). The total protein (20 pg) was added into every well,
and then transferred onto polyvinylidene fluoride membrane
(IPVHO00010, Millipore, USA). The primary antibody including
Bax (1:1,000, Proteintech), caspase-3 (1:1,000, Proteintech), and
actin (1:1,000, Proteintech) were incubated with membrane at
4°C overnight. Secondary goat anti-rabbit antibody (1:5,000,
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Jackson ImmunoResearch, USA) and goat anti-mouse IgG
(1:5,000, Jackson ImmunoResearch, USA) were incubated
with membrane at room temperature for 2h. The protein
bands were visualized and the images were analyzed through
chemiluminescence meter (4600, Tanon, Shanghai, China).

2.7 Statistical analysis

The experimental data positioning navigation and space
exploration time from MWM were recorded and analyzed
using one-way ANOVA method in SPSS software 22.0 (SPSS
Inc., Chicago, IL, USA). The data were exhibited as mean +
standard deviation. Then, the immunohistochemical staining
results of NPTX-1, NPTX-2, and CRP were semi-quantitatively
analyzed, and ten fields of view in and around the hippo-
campus were selected for high-magnification imaging
through an optical microscope, and the integrated optical
density (IOD) value of each image was measured using
Image] digital software. The average value of the 10 10D
values obtained for each slice represents the average I0D
value of the slice. The IOD values obtained from the brain
slices of mice in different groups are expressed as mean *
SD. Meanwhile, the immunofluorescence results to evaluate
the gene localization were measured using Image] digital
software. The formula was as follows: average fluorescence
intensity (Mean) = sum of fluorescence intensity in this area
(IntDen)/area of this area (Area). The difference between the
groups was analyzed using one-way analysis of variance. A
P value <0.05 was deemed statistically significant.

Ethical approval: The research related to animals’ use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals.
Approval was obtained from the Ethics Committee of The
First Hospital of Harbin Medical University (Approval No.
SYXK (black) 2017-003) and conducted in strict accordance
to the standard of the Guide for the Care and Use of
Laboratory Animals published by the Ministry of Science
and Technology of the People’s Republic of China in 2006.

3 Results

3.1 MWM test

The MWM test was used to assess the memory and spatial
learning of rats. It is on the sixth day that the memory and
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spatial learning of rats was improved in AD + baicalin
group when compared with AD group (Figure la—c). In
addition, as shown in Table 1, with the extension of
training days, the time required by different groups of
rats to find the platform showed gradually different travel
characteristics. On the sixth day, the escape latencies of the
AD + baicalin group rats were significantly shorter than
those from rats in the AD group (Figure 1d). In addition,
we used a space exploration experiment to investigate
whether the spatial memory of rats changed. We observed
and recorded the time the rats spend in the target quadrant
of the platform as well as the number of times the animals
crossed the platform. As indicated in Figure 1 and f, baicalin
treatment could significantly improve the number of times
the animals crossed the platform and time spent in the
target quadrant of the platform (Tables 2 and 3). These
results indicated that baicalin could improve the memory
and spatial learning of AD rats.
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3.2 Effect of baicalin on neuronal cell
numbers of AD rats

In the controls, no obvious cell deletion of the pyramidal
cells was found. The morphology of the cells was complete,
the nucleus was clear, and the cells were round or quasi-
round (Figure 2a). However, in the AD group, the cell struc-
tures were observed to be disordered, the pyramidal cells
were anomalous, and the cell membranes were narrowing.
The nuclei of the damaged cells showed pyknosis, the
nuclear membranes were not clear, and the nucleoli had
disappeared (Figure 2b). The arrangement and morphology
of cells in the AD + baicalin group was improved compared
with the AD group (Figure 2c). The average number of
hippocampal neurons in the AD group was significantly
lower than that of the control group (2.896 x 10* cell/mm?®
vs 4132 x 10* cell/mm3, P < 0.05). However, the mean
number of hippocampal neurons in the AD + baicalin
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Figure 1: The swimming paths of the MWM test of each group: (a) control group, (b) AD group, (c) AD + baicalin group, (d) escape latencies on the
sixth day, (e) time spent in the target quadrant, and (f) number of passes across the platform. Abbreviation: AD, Alzheimer’s disease.
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Table 1: Escape latencies in MWM training trials in different groups of everyday

Training days (n)

Grouping

The number of cases/group

Mean + SD (s)

P value

1

The control group
The AD model group
The baicalin group
The control group
The AD model group
The baicalin group
The control group
The AD model group
The baicalin group
The control group
The AD model group
The baicalin group
The control group
The AD model group
The baicalin group
The control group
The AD model group
The baicalin group

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

87.122 £ 1.977

88.415 £ 2.905
86.827 + 3.345
73.299 + 2.578
77.085 + 3.355
76.597 + 2.954
67.236 + 3.751

70.868 £ 2.619
71.091 = 4.905
45111 £ 4.730

51.786 + 4.538
48.136 + 2.650
27.705 + 6.038
45.489 + 4.305
38.509 + 3.473
19.852 + 3.087
30.478 + 1.465
25.413 + 3.456

0.392
0.857; 0.401

0.055
0.067; 0.795

0.084
0.159; 0.924

0.032*
0.210; 0.127

0.000"
0.005"; 0.012*

0.000"
0.015"; 0.008*

n: number; s: second; SD: standard deviation. *Compared with control group; #compared with AD model group. Note: Bold indicates statistical

significance.

Table 2: Time spent in the target quadrant of different mouse in each group

Grouping

The number of cases/group

Mean + SD (s)

P value

The control group
The AD model group
The baicalin group

10
10
10

46.267 = 8.075
30.879 = 8.359
37.862 + 3.429

0.009"
0.041%; 0.015*

*Compared with control group; #compared with model group. Note: Bold indicates statistical significance.

Table 3: Number of passes across the platform of different mouse in each group

Grouping The number of cases/group Mean = SD (s) P value

The control group 10 10.500 + 3.207

The AD model group 10 4.875 + 2,231 0.001"

The bacialin group 10 8.625 + 2.615 0.221; 0.008*

*Compared with control group; #compared with model group. Note: Bold indicates statistical significance.

group was significantly higher than the AD model group
(3.498 x 10* cell/mm?, P < 0.05) (Figure 2). Moreover, we
validated the apoptosis of neurons through examining the

expression of bax and caspase-3. As shown in Figure 3, the

results indicated that baicalin could effectively inhibit the
expression of bax and caspase-3 (P < 0.01; P < 0.001), which
were consistent with the results of HE staining.

3.3 Effect of baicalin on NPTX-1, NPTX-2, and
CRP expression of immunohistochemistry
and immunofluorescence staining

The expression of NPTX-1, NPTX-2, and CRP in rats’ brain
was examined using immunohistochemistry. Then, we eval-

uated the localization of NPTX-1, NPTX-2, and CRP using
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AD AD+baicalin

Figure 2: Effect of baicalin on the number of hippocampal neurons: (a) HE staining in the control group, (b) HE staining in the AD group, and (c) HE
staining in the AD + baicalin group. Abbreviation: HE, hematoxylin-eosin; AD, Alzheimer’s disease.
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Figure 3: Effect of baicalin on neuronal apoptosis: (a) protein band and (b) gray-scale analysis of the protein band. **P < 0.01, ***P < 0.001, control vs
AD model; ##P < 0.01, ###P < 0.001, AD model vs AD + baicalin. Abbreviation: AD, Alzheimer’s disease.

Control

AD+baicalin

The expression of NPTX:

Figure 4: Effect of baicalin on NPTX-1 immunohistochemical (a-c) and immunofluorescence (d-f) staining: (a) immunohistochemical staining in the
control group, (b) immunohistochemical staining in the AD group, (c) immunohistochemical staining in the AD + baicalin group, (d) quantification for
immunohistochemical staining, (e) immunofluorescence in the control group, (f) immunofluorescence in the AD model group, (g) immunofluores-
cence in the AD + baicalin group, and (h) quantification for immunofluorescence. Abbreviation: AD: Alzheimer’s disease; NPTX-1: neuronal pentraxin-1.
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Figure 5: Effect of baicalin on NPTX-2 immunohistochemical (a-c) and immunofluorescence (d-f) staining: (a) immunohistochemical staining in the
control group, (b) immunohistochemical staining in the AD model group, (c) immunohistochemical staining in the AD + baicalin group, (d) quanti-
fication for immunohistochemical staining, (e) immunofluorescence in the control group, (f) immunofluorescence in the AD model group, (g)
immunofluorescence in the AD + baicalin group, and (h) quantification for immunofluorescence. Abbreviation: AD: Alzheimer’s disease; NPTX-2:

neuronal pentraxin-2.

immunofluorescence staining. The results indicated that the
expression of NPTX-1 in the AD + baicalin group was signif-
icantly reduced compared to the AD group (0.05953 *
0.00603 vs 0.07076 + 0.00788, P = 0.000) (Figure 4a—d).
The fluorescence intensity in the AD model group was
stronger than that of the controls and the AD + baicalin
group (Figure 4e-h; Table 3).

Besides, the expression of NPTX-2 in the AD + baicalin
group was significantly improved compared with the AD

Control AD

group (P = 0.033) (Figure 5a—d; Table 3). Meanwhile, the
fluorescence intensity of the AD model group was stronger
than that of the controls and the AD + baicalin group
(Figure 5e-h). In addition, the expression of CRP in the
AD + baicalin group (0.02034 + 0.00397) was significantly
reduced compared to the AD model group (P = 0.021)
(Figure 6-d). The fluorescence intensity in the AD model
group was stronger than that of the controls and the AD +
baicalin group (Figure 5e-h; Table 4).
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Figure 6: Effect of baicalin on CRP immunohistochemical (a-c) and immunofluorescence (d-f) staining: (a) immunohistochemical staining in the
control group, (b) immunohistochemical staining in the AD model group, (c) immunohistochemical staining in the AD + baicalin group, (d) quanti-
fication for immunohistochemical staining, (e) immunofluorescence in the control group, (f) immunofluorescence in the AD model group, (g)
immunofluorescence in the baicalin group, and (h) quantification for immunofluorescence. Abbreviation: AD: Alzheimer’s disease; NPTX-2: neuronal

pentraxin-2; CRP: C-reaction protein.
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4 Discussion

Previous studies demonstrated that baicalin and PTXs play
the vital role in the development of AD. Previous studies
did not show that baicalin impacts the expression of NPTX-1,
NPTX-2, and CRP. Baicalin is a vital element of traditional
Chinese, which can effectively protect against AD pathology
[18]. However, the theoretical mechanism of baicalin affecting
the expression of PTX is still unclear. Our results offer a basic
theory for the regulation of NPTX-1, NPTX-2, and CRP expres-
sion by baicalin as well as the treatment of AD. In our study,
the incubation period of AD rats treated with baicalin was
significantly less than that of the untreated group. At the
same time, the time spent in the target quadrant and the
number of times to cross the platform has also been signifi-
cantly improved. Moreover, baicalin is effective in preventing
or curing AB-induced cognitive decline. Xiao et al. [19] demon-
strated that baicalin shows a protective effect against Ap25-35-
induced learning and memory deficits. Ding et al. [20] and
Xiong et al. [21] showed that baicalin availably improved AB-
induced learning and memory deficit in AD model rats.
Moreover, current studies have shown that injecting AB1-
40 reduces the number of hippocampal neurons. Not sur-
prisingly, when compared with the control group, the
number of hippocampal neurons in the AD model group
was significantly reduced. The hippocampus is one of the
central areas associated with learning and memory, par-
ticularly short-term memory. Impaired short-term memory
function is usually considered as a key symptom of AD [21].
The number of hippocampal neurons in the AD + baicalin
group was significantly higher compared with the AD group.
These results suggested that baicalin improves AD func-
tional abnormalities and pathological changes in damaged
rat models, and may play a certain role in delaying the
development of AD.
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Besides, NPTX-1 and NPTX-2 can participate in the for-
mation, homeostasis, and plasticity of synaptic, and other
processes alone or jointly, which play an important role in
the process of clearing the synaptic debris generated during
synaptic remodeling [22]. Both the two secreted NPTX1 and
NPTX2 have been found in Aitana et al. study to be decreased
in AD compared with controls and appear to be markers of
disease progression in AD [23]. However, other studies sug-
gested that NPTX-1 and NPTX-2 are usually secreted in the
form of oligomeric complexes and exist in nervous tissue,
but their proportion in oligomeric complexes depends on
their participation in pathophysiological processes, neuronal
activity, and neuronal state [24,25]. It is suggested that the
interaction between NPTX-1 and NPTX-2 might be synergistic
and have antagonistic effects. In this study, we found that the
expression of NPTX-1 in the AD model group was significantly
increased, while NPTX-2 expression was decreased. This result
was similar to findings from a study by Abad et al. [7], which
showed that NPTX-1 was increased in cellular processes sur-
rounding amyloid plaques in the cerebral cortices and hippo-
campi of APP/PS1 transgenic mice. A study from Cummings
et al. observed strong NPTX1 staining in the dystrophic neur-
ites within the plaque [26]. Furthermore, the increasing
expression of NPTX-1 in AD model might due to that NPTX-1
improved synaptic damage and activated the apoptosis of
neuronal cells [27]. These results that the apoptosis protein
including bax and caspase-3 were also highly expressed in
AD model also confirmed this hypothesis. Moreover, the
decreased expression of NPTX-2 in AD model was related to
MTL atrophy and memory decline [28]. Notably, we found that
baicalin could reverse the expression of NPTX-1 and NPTX-2 in
AD. This study suggested that NPTX-1 and NPTX-2 are novel
biomarkers in treating AD with baicalin. Further experiments
need to be performed to verify the expression of NPTX-1 and
NPTX-2 in AD and its function in therapy of baicalin.

Table 4: Expression of NPTX-1, NPTX-2, and CRP in each group of different mouse’ brain tissue

P value Grouping The number of cases/group Mean + SD P value
NPTX-1 The control group 10 0.00046 + 0.00028

The AD model group 10 0.07076 + 0.00788 0.000"

The baicalin group 10 0.05953 + 0.00603 0.000°; 0.020%
NPTX-2 The control group 10 0.05427 + 0.006504

The AD model group 10 0.03168 + 0.00453 0.000"

The baicalin group 10 0.04303 + 0.01025 0.047"; 0.033*
CRP The control group 10 0.00046 + 0.00028

The AD model group 10 0.02948 + 0.00715 0.000"

The baicalin group 10 0.02034 + 0.00397 0.000"; 0.021*

SD: standard deviation. *Compared with control group; #compared with model group. Note: Bold indicates statistical significance.
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Schmidt et al. [29] found that hemoglobin G-Honolulu-
elevated plasma CRP levels in midlife are a risk factor for
AD. Paradoxically, Nilsson et al. [30] and Yarchoan [31]
found that patients with established AD expressed low
plasma CRP levels. Our results are consistent with previous
reports showing improved levels of CRP in AD, which indi-
cate its potential function as a biomarker for the diagnosis
of AD. At present, the relationship between the levels of
CRP expression and AD is unclear, which encourages us to
further investigate the role of CRP in the pathophysiology
of AD.

5 Conclusion

In conclusion, baicalin may improve memory function and
learning ability in a rat model of AD. We believe that the
therapeutic actions of baicalin are linked with its ability to
downregulate NPTX-1 and CPR, and upregulate NPTX-2 in a
rat AD model.

Abbreviations

AD Alzheimer’s disease
CRP C-reactive protein
NPTX neuronal pentraxin
SAP amyloid substance

SD Sprague Dawley
SD standard deviation
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