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Abstract: The pathogenesis of Alzheimer’s disease (AD) involves multiple contributing factors, including amyloid 3
(AB) peptide aggregation, inflammation, oxidative stress, and others. Effective therapeutic drugs for treating AD are
urgently needed. SQYZ granules (SQYZ), a Chinese herbal preparation, are mainly composed of the ginsenoside
Rg1, astragaloside A and baicalin, and have been widely used to treat dementias for decades in China. In this
study, we found the therapeutic effects of SQYZ on the cognitive impairments in an AD mouse model, the 3-amyloid
precursor protein (APP) and presenilin-1 (PS1) double-transgenic mouse, which co-expresses five familial AD muta-
tions (5XFAD); next, we further explored the underlying mechanism and observed that after SQYZ treatment, the
AB burden and inflammatory reactions in the brain were significantly attenuated. Through a proteomic approach,
we found that SQYZ regulated the expression of 27 proteins, mainly those related to neuroinflammation, stress
responses and energy metabolism. These results suggested that SQYZ has the ability to improve the cognitive im-
pairment and ameliorate the neural pathological changes in AD, and the therapeutic mechanism may be related to
the modulation of multiple processes related to AD pathogenesis, especially anti-neuroinflammation, promotion of
stress recovery and improvement of energy metabolism.
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Introduction

The prevalence of dementia continues to
increase across all regions of the world, due to
the ageing population. Alzheimer’'s disease
(AD), as the main cause of dementia, is one of
the great health-care challenges of the 21st
century [1]. AD mainly manifests as progressive
and irreversible cognitive impairments, includ-
ing memory loss and deficits in learning
and working, which are underlain by severe
neurodegeneration in the brain. During the past
30 years, remarkable advances have been
achieved in AD research, especially in regard to
AD pathogenesis. A substantial amount of evi-
dence has shown that the accumulation of
abnormally folded AB proteins in amyloid senile
plaques (SP) and tau proteins in neurofibrillary
tangles (NFTs) are causally related to the neu-

rodegenerative processes in the brains of AD
patients [2]. In addition, on a deeper level, the
complexity and multicausality of AD, i.e., it is
caused by a number of genetic and environ-
mental factors, have been recognized [3, 4]. It
is well accepted that multiple factors, including
apoptosis, oxidative stress, mitochondrial dys-
function, inflammatory responses, and distur-
bances in energy metabolism homeostasis, are
involved in the progression of AD [4, 5].

However, the therapy for AD is not yet satisfac-
tory. Currently, only four therapeutic agents
(donepetzil, rivastigmine, galantamine and me-
mantine) for AD have been approved by the US
Food and Drug Administration (FDA) [6]. They
only have modest effects, which are limited to
merely relieving the symptoms, rather than to
prevent or reverse the pathological core of AD
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[7]. The reason for this poor situation may lie in
the complexity of AD pathogenesis, which ren-
ders drugs aimed at a single process less effi-
cient. Thus, treatments that intervene in multi-
ple targets in AD may be a hopeful resolution
[B].

Traditional Chinese medicine (TCM) has a long
history in China. It usually uses combinations of
herbs or herbal ingredients to treat diseases,
with the components targeting different dis-
ease processes. SQYZ granules (SQYZ), a TCM
herb, consists mainly of three natural compo-
nents, including the ginsenoside Rg1, astraga-
loside A and baicalin. These three components
have a wide range of activities, including anti-
inflammation, antioxidation, promotion of neu-
rogenesis, neuroprotection, etc., which are all
key points in the therapy of AD [8, 9]. SQYZ has
been commonly used in the clinical treatment
of dementia in China, exerting a potent role in
curing AD. However, the therapeutic mecha-
nism of SQYZ in AD has not been well elucidat-
ed. In the present study, we used a transgenic
mouse model, 5XFAD, to evaluate the thera-
peutic effects of SQYZ, and further to elucidate
the underlying mechanisms of this preparation.
This study may be significant for the therapy
and prevention of AD.

Materials and methods
Animals

APP/PS1 double transgenic mice, known
as 5XFAD, co-express the human APP and
PS1 transgenes (number 006554, Jackson
Laboratory) and contain five familial AD muta-
tions (APP*Sw*FI*Lon, PSEN1*M146L*L286V)
under the transcriptional control of the neuron-
specific mouse Thyl promoter. The transgenic
mice were originally obtained from Jackson
Laboratory and backcrossed to C57BL/6J) at
least 5 generations to achieve C57BL genetic
identity. After that, the transgenic mice were
maintained by crossing heterozygous trans-
genic mice with C57BL/6J wild-type breeders.
Genotyping was performed using PCR analysis
of tail DNA. Animals were housed in cages in a
controlled environment (22-25°C, 50% humidi-
ty and a 12-hour light/dark cycle) with free
access to standard laboratory chow and dis-
tilled water. All efforts were made to minimize
both animal suffering and the number of ani-
mals used. All procedures performed in this
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study were in accordance with the Chinese
regulations involving animal protection and
were approved by the animal ethics committee
of the China Capital Medical University.

Drug treatments

SQYZ was supplied by China Academy of
Chinese Medical Sciences (lot number: 2014-
0508). Huperzine-A (HupA), as a positive con-
trol drug, was purchased from Beijing Century
Aoke Biotechnology Co. Ltd. (lot number: MUST-
13102808). These drugs were stored at 4°C.
Mice were randomly divided into five groups,
including normal saline-treated WT (WT+NS)
and transgenic (Tg+NS) mouse groups; SQYZ-
treated WT (WT+SQYZ) and transgenic (Tg+
SQYZ) mouse groups; and a HupA-treated
transgenic mouse group (Tg+HupA). Four-
month-old female transgenic mice in the medi-
cine-treated groups were administrated orally
of 5.55 g/kg SQYZ or 0.1 mg/kg HupA, once
per day for 60 days, whereas the other two
groups were treated with same volume of nor-
mal saline as controls.

Behavioral tests

Morris water maze test: The Morris water maze
test was performed to assess the learning and
memory abilities of the mice [10]. The pool was
arbitrarily divided into four quadrants, namely,
the training, adjacent left, adjacent right and
opposite quadrants. On the first day, the mice
were initially introduced to the visible platform
to habituate them to the experimental environ-
ment. Then, the platform was moved to another
quadrant and hidden beneath the surface of
the water. Mice then underwent three trials
per day for five consecutive days to measure
their ability to navigate to the hidden platform.
Twenty-four hours after the last training day, all
mice were given a probe test for 30 seconds,
during which the platform was removed from
the pool, and the time taken to cross to the
quadrant originally containing the platform was
assessed.

Passive avoidance test: The passive avoidance
test is a fear-motivated test that is used to
study memories in an associative manner [11].
It requires the animal to behave in a manner
opposite to its innate dark preference. The test
was performed using a shuttle-box apparatus,
which consists of two compartments separated
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by a door. One compartment was lit with a
bright, cold house light and served as the safe
compartment, while the other was made with a
dark, opaque wall and served as the unsafe
side. On the first day, the mice were put into the
light side for 5 minutes of habituation. During
training, the mice received an electric shock
(0.03 mA, 2 s duration) delivered through the
grid floor when they stepped into the dark
sides. On the second day, the mice were placed
back into the same testing box, but no shock
was applied, and the initial latency and times to
enter the dark side were recorded.

Nest construction test: The nest construction
test was performed according to the previous
description [12]. In brief, after mice were single
housed for 16 hours in clean plastic cages,
eight pieces of paper towels (4 cm x 4 cm) were
introduced inside home cages for nesting. Next
day (16 hours later), cages were inspected for
nesting evaluation. The score was assessed on
a rating scale of 1-4 with 1 > 50% of paper tow-
els remaining intact and spreading around the
cage, 2 < 50% of paper towels remaining intact
but no nestle in a corner of the cage, 3 > 90%
of paper towels torn and grouped into a corner
of the cage and 4 = a perfect nest constructed
by < 1 cm pieces and grouped into a corner of
the cage.

Immunofluorescence

After the behavioral tests were completed, the
mice were anaesthetized using 10% chloral
hydrate (7.5 mil/kg of body weight, intraperito-
neal) and then transcardially perfused with
0.9% sodium solution and decapitated. One
brain hemisphere from each mouse was snap-
frozen for biochemical assays. The other hemi-
brain of each mouse was fixed in 4% parafor-
maldehyde in PBS and cryoprotected in 30%
sucrose solution in 0.01 M PBS. Brains were
sectioned along the coronal plane using a freez-
ing microtome at 30 ym and allowed to air dry
on glass slides. The primary antibodies were
rabbit polyclonal anti-lbal (1:200; 019-19741,
Wako) and rabbit polyclonal anti-GFAP (1:500;
MAB360, Millipore). Goat anti-rabbit IgG Alexa
Fluor 488 (1:500, A-11034, Invitrogen) and
goat anti-rabbit IgG Alexa Fluor 594 (1:500,
A-11012, Invitrogen) were used as secondary
antibodies. Images were captured under a
microscope equipped with a digital camera
(Olympus). The fluorescence intensity of GFAP
and Ibal were quantified using the Image-Pro
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Plus 6.0 software, according to our previous
description [13]. The value was normalized to
the total cortex area in the 100x image. For
each mouse, the averages were calculated
across images such that each animal only con-
tributed a single value.

Western blot and ELISA

For western blotting, frozen cortex tissues were
homogenized in RIPA buffer (50 mM Tris, pH
7.4, 150 mM NaCl, 1% Triton X-100, 1% sodium
deoxycholate, 0.1% SDS) containing protease
inhibitor cocktail (1:100, Sigma) and were then
centrifuged at 12,000 g for 15 minutes at 4°C.
The supernatants were collected, and total pro-
tein levels were quantified via the BCA protein
assay kit (Pierce). Equal amounts of protein (30
ug) were separated on 10% SDS-PAGE gels and
were transferred to nitrocellulose membranes
(Millipore). After blocking, the membranes were
simultaneously labelled with antibodies, rabbit
polyclonal anti-MAPK3 (1:1000; 137F5, Cell
Signaling Technology), mouse monoclonal anti-
dynamin-1 (1:2000; 2441931, Millipore) and
mouse monoclonal anti-a-tubulin  (1:5000;
T8203, Sigma). Next, the primary antibody-
labelled membranes were treated with second-
ary antibodies, goat anti-mouse IgG, HRP con-
jugated (1:20000; CW0102A, CWBIO) and goat
anti-rabbit 1gG, HRP conjugated (1:10000;
CWO0103A, CWBIO). The bands were then visu-
alized using the FluorChem E imaging system
(protein simple) and analyzed by Image)
software.

Human AB42 levels were assessed using a
sandwich ELISA. Frozen brain tissues treated
with RIPA lysis buffer were centrifuged, and
then the soluble supernatant fractions were
collected. The insoluble materials were dis-
solved with lysis buffer (8% SDS, 8 M urea and
5 mM EDTA). The soluble and insoluble AB42
were quantified using human ApB42 ELISA kits
(KHB3441, Invitrogen), following the manufac-
turer’s instructions. The absorbance was read
at 450 nm using a 96-well plate reader, and AB
levels were calculated from a standard curve
and normalized to the total protein levels,
determined by the BCA protein assay kit
(Pierce).

Two-dimensional electrophoresis and gel im-
age analysis

Two-dimensional electrophoresis (2-DE) was
performed according to a previously reported
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protocol [14]. The protein pellets from the corti-
ces of two groups of mice (Tg+NS and Tg+SQYZ)
were dissolved in sample buffer (7 M urea, 2 M
thiourea, 4% (w/v) CHAPS, 65 mM DTT, 0.5%
(v/v) Bio-lyte ampholytes). The protein was
quantified by the Bradford assay. After the pro-
cess of 2-DE [14], the SDS/PAGE gels were
stained with Coomassie Brilliant Blue solution
containing 2% (v/v) phosphoric acid, 10% (w/v)
ammonium sulfate, 20% (v/v) methanol, and
0.1% (w/v) G-250 overnight [15]. Three repli-
cates for each group were acquired for the gel
analyses. The obtained 2-DE gels were scanned
using a GS-calibrated densitometer (Bio-Rad)
and analysed with the software PDQuest 8.0.1
(Bio-Rad). Quantitative analysis of the protein
spots was achieved by calculating the average
and normalizing the spot volumes among the
gel images of the protein profiles obtained from
the Tg+NS and Tg+SQYZ groups. The total spot
volume normalization algorithm was used to
calculate each protein spot volume as the sum
of the intensities of the pixels within the spot’s
boundary minus the background level within
that same boundary normalized to the total
spot volumes in the gel [16]. The protein spots
that showed a statistically significant change in
volume (P < 0.05, Student’s t-test) of at least
1.5-fold were selected and subjected to further
evaluation with MALDI-TOF MS/MS [17].

Protein identification by MALDI-TOF-MS/MS
and database searching

The differentially expressed protein spots were
excised from Coomassie-stained 2-DE gels,
washed with Milli-Q water three times, and then
destained with 25 mM NH,HCO,/50% ACN.
After being washed with 100% ACN for 5 min,
the destained gel pieces were dried and then
rehydrated with 0.02 g/l trypsin (Promega
Corp.) solution for 30 min. The excess liquid
was removed, and the pieces of the gel were
immersed in 25 mM NH,HCO, containing 10%
acetonitrile overnight at 37°C. The digests were
desalted with ZiptipTM (C-18, Millipore), accord-
ing to the manufacturer’s instructions and were
subjected to an analysis using MALDI-TOF MS.
Single MS and tandem mass spectrometer
(MS/MS) experiments were performed with a
hybrid QSTAR Pulsar | quadrupole time-of-flight
mass spectrometer (Applied Biosystems/MDS
Sciex, Toronto, Canada) equipped with a nano-
ESI ion source. The proteins were identified in
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both the Tg+NS and Tg+SQYZ groups, and two
or more sequences were analysed for one
spot in our study. For PMF identification, the
peptide mass maps were searched against the
NCBI protein sequence database using an in-
house MASCOT (version 2.1, Matrix Science,
UK) search engine. For the peptide mass finger-
prints (PMFs), the search conditions included
the following: type of search set as MS/MS lon
Search, enzyme set as trypsin, and alkylation of
cysteine by carbamidomethylation as a fixed
modification. Standard search parameters
were set to allow the mass tolerance of 0.1 Da
and 2 missed tryptic cleavages.

Statistical analysis

All values were shown as the mean * standard
error of mean (SEM). Statistical analysis was
performed using Prism5.0 (GraphPad Soft-
ware). Statistical analyses of the behavioral
tests, ELISA and immunofluorescence data
were performed using analysis of one-way
ANOVA followed by Tukey’s post hoc test. The
results of proteomic were compared between
Tg+NS and Tg+SQYZ groups with Student’s
t-test. P values < 0.05 were considered statisti-
cally significant.

Results

SQYZ prevented cognitive behavioral impair-
ments of AD transgenic mice

According to our previous work, 4-month-old
female AD transgenic mice, i.e., at the early
stage of AD [10, 18], were selected to assess
the effects of SQYZ treatment. After 60 days of
treatment with SQYZ, behavioral tests were
performed on the mice, including the Morris
water maze, passive avoidance and nest con-
struction tests. The Morris water maze test was
used to evaluate the mice for spatial learning
and memory deficits. During the acquisition
test, the Tg+NS group exhibited significantly
complicated escape pathways and prolonged
escape latencies after 3 days of training com-
pared to the WT+NS group (P < 0.05), while the
SQYZ and HupA treatments prevented the
increase in escape latency in the 5XFAD mice
(Figure 1A, 1B). In the probe test, the percent-
age of time spent in the target quadrant (Figure
1C) significantly decreased in the Tg+NS group
compared to the WT+NS group (P < 0.01), while
the SQYZ and HupA treatments prevented this
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Figure 1. SQYZ treatment improved AD behavioral performances of 5XFAD mice. In the Morris water maze, during
the hidden platform task, the escape strategies on the fifth day of training (A) of the WT+NS, WT+SQYZ, Tg+NS,
Tg+SQYZ, and Tg+HupA groups were detected by using a camera. (B) The escape latency required for the mice to
find the hidden platform on each training day was recorded. During the probe trial, one day after finishing the acqui-
sition task, the time required to cross over to the target quadrant (C) was originally used to determine the memory
retention of the mice. In the passive avoidance test, one day after fear training, the error times of mice entering the
dark field (D), the step-through latency of mice from light side to dark side (E) and the time spent in light compart-
ment (F) were recorded to test the fear memory abilities of the mice. During the nest construction test, the nesting
scores of mice (G) were evaluated to reflect the abilities of daily living. All values were represented as the mean +
SEM, n = 13-15/group. *, P < 0.05, **, P < 0.01 vs. Tg+NS, one-way ANOVA with Tukey’s post hoc test.
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Figure 2. SQYZ reduced the levels of AB42 in the cortex of the AD transgenic mice. The soluble (A) and the insoluble
AB42 levels (B) in the cortex of Tg+NS, Tg+SQYZ, and Tg+HupA mouse groups were tested by the ELISA assay. The
AB concentration was normalized to total protein level in cortex. All values were represented as the mean + SEM, n
=6/group. *, P < 0.05 vs. Tg+NS, one-way ANOVA with Tukey’s post hoc test.
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Figure 3. SQYZ treatment inhibited the activation of astrocyte and microglia in the cortex of 5XFAD mice. (A) Astro-
cytes and microglia in the cortex of the five groups were detected by immunofluorescence with antibodies against
GFAP or Ibal. The fluorescence intensity of GFAP-positive (B) and Ibal-positive cells (C) of the five groups in the
cortex were quantified using Image-Pro Plus 6.0 software. All values were represented as the mean + SEM, n = 6/
group. *, P < 0.05, *** P < 0.001 vs. Tg+NS, one-way ANOVA with Tukey’s post hoc test. Scale bar = 200 pym.

decline (P < 0.05). Thus, SQYZ treatment could retrieval of 5XFAD mice. In passive avoidance
improve the spatial memory acquisition and test, the B5XFAD mice showed significantly
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Figure 4. The differentially expressed proteins in SQYZ treated 5XFAD mouse were revealed by proteomic analysis.
The protein spots that exhibited a statistically significant change (P < 0.05 by Student’s t-test) of at least a 1.5-fold
increase or decrease intensity between the Tg+NS group (A) and the Tg+SQYZ group (B), were selected and labelled
with red arrows in 2-DE gel. These proteins were subjected to further evaluation by MALDI-TOF MS/MS analysis and
database searching. The expression levels of dynamin-1 and mitogen-activated protein kinase 3 (MAPK3) were
determined by western blot analysis of the cortices of the Tg+SQYZ and Tg+NS groups (C). The full gel pictures for
immunoblots were shown in Supplementary Figure 1. The graphs (D) showed the relative expression quantifications
of each protein (normalized to a-tubulin). Data were presented as the mean + SEM, and statistical significance was

determined by Student’s t-test, n = 3/group, *, P < 0.05, **, P < 0.01 compared with the Tg+NS group.

increased error times (P < 0.05), reduced step-
through latencies (P < 0.05) and a decreased
amount of time spent in the light compartment
(P < 0.01) compared to the WT mice (Figure
1D-F). The SQYZ treatment returned these indi-
ces to the normal level (P < 0.05), and HupA did
in a similar manner (P < 0.05), suggesting that
SQYZ treatment also improved the fear memory
ability of the 5XFAD mice. To observe the effect
of SQYZ treatment on activities of daily living,
mice were subjected to the nest construction
test (Figure 1G). Compared with the WT mice,
the 5XFAD mice exhibited decreased nesting
scores (P < 0.05). Meanwhile, increased scores
of the 5XFAD mice were observed after the
SQYZ and HupA treatments (P < 0.05). There
was no significant difference between the score
of the Tg+SQYZ group and that of the Tg+HupA
group. This result implied that the SQYZ treat-
ment improved the self-care ability of the
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5XFAD mice, and importantly, the effect of
SQYZ was comparable to that of HupA. It was
noteworthy that SQYZ had no effect on the WT
mice when compared to the WT mice treated
with saline. In general, SQYZ improved cogni-
tive behavioral performances of 5XFAD mice.

Treatment with SQYZ attenuated the AB bur-
den in AD transgenic brains

To detect whether SQYZ change AR load in the
brains of the AD transgenic mice, we used a
sandwich ELISA to measure the levels of solu-
ble and insoluble AB42 in the cortex of the
transgenic mice that had been treated with
SQYZ, HupA or saline. The results revealed that
the concentrations of both soluble (Figure 2A)
and insoluble AB42 (Figure 2B) in cortex of the
5XFAD mice were significantly reduced in
response to the SQYZ or HupA treatment (P <
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Table 1. The identification results of differentially expressed protein spots between the Tg+SQYZ and

Tg+NS groups using LC-MS/MS

Accession

Exp. Mr Exp. Protein

Number NO. Target protein Symbol (KDa) ol Score Fold difference P value
1 P39053  Dynamin-1 Dnm1 97.8 7.61 253 0.11 0.001
2 Q64288  Olfactory marker protein Omp 18.8 5.00 594 2.08 0.014
3 Q9CR95  Adaptin ear-binding coat-associated protein 1 Necapl 29.6 5.97 55 0.22 0.037
4 Q6PNCO  DmX-like protein 1 DmxI1 336.0 5.97 33 2.09 0.022
5 Q9JI13 Something about silencing protein 10 Utp3 53.3 5.44 32 2.44 0.008
6 P50396  Guanosine diphosphate (GDP) dissociation inhibitor 1 Gdil 51.0 4.96 31 0.5 0.045
7 P70270  DNA repair and recombination protein RAD54-like Rad54l 84.6 9.58 31 2.32 0.004
8 Q9JJW5  Myozenin-2 Myoz2 29.7 8.53 34 3.73 0.0001
9 P60710  Actin, cytoplasmic 1 Actb 42.1 5.29 554 2.24 0.001
10 P63038 60 kDa heat shock protein, mitochondrial Hspd1 60.9 5.91 70 2.03 0.001
11 Q9CPUO  Lactoylglutathione lyase Glol 20.8 5.24 201 4.64 0.003
12 Q9ERD7  Tubulin beta-3 chain Tubb3 50.8 4.82 587 2.09 0.02
13 P56480  ATP synthase subunit beta, mitochondrial Atp5b 56.3 5.19 44 3.13 0.0001
14 P63017  Heat shock cognate 71 kDa protein Hspa8 711 5.37 335 4.32 0.0001
15 P38647  Stress-70 protein, mitochondrial Hspa9 73.7 5.81 246 3.04 0.004
16 P46660  Alpha-internexin Ina 555 5.35 62 2.00 0.0206
17 Q9JKK7  Tropomodulin-2 Tmod2 39.5 5.28 107 0.03 0.0001
18 Q05816  Fatty acid binding protein 5, epidermal Fabp5 15.1 5.81 478 12.11 0.008
19 P16125  Llactate dehydrogenase B chain Ldhb 36.8 5.70 160 5.14 0.001
20 Q9CWSO  N(G), N(G)-dimethylarginine dimethylaminohydrolase Ddah1 31.8 5.64 422 2.73 0.002
21 P42669  Transcriptional activator protein Pur-alpha Pura 34.8 6.07 376 2.03 0.003
22 Q63844  Mitogen-activated protein kinase 3 Mapk3 43.0 7.57 340 2.66 0.015
23 Q7TMM9  Tubulin beta-2A Tubb2a 499 4.78 36 2.14 0.002
24 P17182  Alpha-enolase Enol 471 4.74 318 3.66 0.001
25 008553  Dihydropyrimidinase-related protein 2 Dpysl2 62.2 5.95 675 1.98 0.013
26 Q8BMF4  Dihydrolipoyllysine-residue acetyltransferase compo- Dlat 67.9 8.81 357 4.20 0.005
nent of pyruvate dehydrogenase complex, mitochondrial
27 Q3UGR5  Haloacid dehalogenase-like hydrolase domain-contain- Hdhd2 28.9 5.70 478 12.11 0.008

ing protein 2

Note: The table showed the identification results of 27 differentially expressed protein spots that were significantly regulated by SQYZ treatment in 5XFAD mice. In the title
line, Exp. Mr represented the experimental molecular weight of the proteins. Exp. pl represented the experimental isoelectric point of the proteins. The fold difference was
represented by the ratio of the spot volume value of the Tg+SQYZ group to the value of the Tg+NS group.

0.05). These data revealed that SQYZ could
reduce the specific pathological load in the AD
brain.

SQYZ treatment exerted anti-inflammatory ef-
fect on the brains of AD transgenic mice

Glial activation, as a part of inflammatory res-
ponses, is an important phenotype of AD brains
[19]. To determine the anti-inflammatory effect
of SQYZ on 5XFAD mice, the expression level of
the astrocyte marker GFAP and the microglial
marker Ibal were assessed by using immuno-
fluorescent staining (Figure 3A). In the anti-
GFAP and anti-lbal immunofluorescent stain-
ing, the fluorescence intensities in the cortices
of the transgenic mice were much higher than
in those of the WT mice (P < 0.001), indicating
an inflammatory response in the brains of the
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AD transgenic mice. After the SQYZ or HupA
treatment, the fluorescence intensities de-
creased significantly (P < 0.05) (Figure 3B, 3C).
In addition, there were no significant differenc-
es between the Tg+SQYZ and Tg+HupA groups.
This finding suggested that the SQYZ treatment
may inhibit inflammatory responses in the cor-
tices of the AD transgenic mice.

Proteomic analysis revealed altered proteins
level in SQYZ treated AD transgenic mouse
model

To more comprehensively investigate the influ-
ence of SQYZ on AD process, 2-DE coupled with
the MALDI-TOFMS/MS technique was applied
to explore the differences between the pro-
teomic profiles of the 5XFAD mice and the
SQYZ-treated 5XFAD mice. Six replicated 2-DE

Am J Transl Res 2018;10(11):3857-3875
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gels collected from two independent groups
(the Tg+NS group and the Tg+SQYZ group) were
acquired. A total of 32 protein spots were suc-
cessfully picked and identified using LC-MS/
MS on each gel. Predominantly based on the
comparison between the Tg+NS group and the
Tg+SQYZ group, a total of 27 differentially
expressed protein spots (P < 0.05 by Student’s
t-test) were selected and labelled with red
arrows (Figure 4A, 4B), with the criterion that
the abundance change was at least 1.5-fold
that of the changed protein spot volume. The
detailed results were summarized in Table 1,
including the target protein name, symbol,
accession NO., exp. Mr, exp. pl, protein score,
fold difference and p value. The fold changes
were represented by the ratio of the spot vol-
ume of the Tg+SQYZ group to that of the Tg+NS

group.
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To confirm the results of the proteomic analy-
sis, the expression levels of dynamin-1 and
mitogen-activated protein kinase 3 (MAPK3)
were measured by western blotting as repre-
sentatives for all the differentially expressed
proteins. Consistent with the proteomics re-
sults, MAPK3 was upregulated (P < 0.05) and
dynamin-1 was down-regulated (P < 0.01) in
the Tg+SQYZ mice compared to the Tg+NS mice
(Figure 4C, 4D).

Differentially expressed proteins could be
functionally classified

To characterize the obtained proteins, a GO
Slimmer analysis was performed to classify the
proteins according to their cellular compo-
nents, protein class, molecular function and
biological process. Nearly half of them were
intracellular proteins, and others localized to

Am J Transl Res 2018;10(11):3857-3875
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Protein name

Biological process

Subcellular location

Energy metabolism

ATP synthase subunit beta, mitochondrial

Dihydrolipoyllysine-residue acetyltransferase
component of pyruvate dehydrogenase complex

Fatty acid binding protein 5, epidermal

Alpha-enolase

Lactoylglutathione lyase

L-lactate dehydrogenase B chain
DmX-like protein 1
Stress response

60 kDa heat shock protein, mitochondrial

Stress-70 protein, mitochondrial
Heat shock cognate 71 kDa protein

N(G), N(G)-dimethylarginine dimethylaminohydro-
lase

Dephosphorylation

Haloacid dehalogenase-like hydrolase domain-
containing protein 2

DNA repair and transcription
DNA repair and recombination protein RAD54-like
Something about silencing protein 10

Transcriptional activator protein Pur-alpha

Axon guidance

Dihydropyrimidinase-related protein 2

Guanosine diphosphate (GDP) dissociation inhibi-
tor 1

Endocytosis

Adaptin ear-binding coat-associated protein
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Mitochondrial membrane ATP synthase produces ATP from ADP in the presence of a proton gradient across the mem-
brane which is generated by electron transport complexes of the respiratory chain [46].

The pyruvate dehydrogenase complex catalyzes the overall conversion of pyruvate to acetyl-CoA and CO,, and thereby
links the glycolytic pathway to the tricarboxylic cycle [47].

High specificity for fatty acids, involved in glucose and lipid metabolic process [48].

Multifunctional enzyme that, as well as its role in glycolysis, plays a part in various processes such as growth control,
hypoxia tolerance and allergic responses [49].

Catalyzes the conversion of hemimercaptal, formed from methylglyoxal and glutathione, to S-lactoylglutathione [50,
51].

Lactate biosynthetic process from pyruvate, involved in carbohydrate metabolic process [47].

Vacuolar acidification and proton-transporting V-type ATPase complex assembly [52].

Implicated in mitochondrial protein import and macromolecular assembly. May facilitate the correct folding of im-
ported proteins [53, 54].

Implicated in the control of cell proliferation and cellular aging [55]. May also act as a chaperone [56].
Inhibits the transcriptional coactivator activity of CITED1 on Smad-mediated transcription. Chaperone [57].

Hydrolyzes N(G), N(G)-dimethyl-L-arginine (ADMA) and N(G)-monomethyl-L-arginine (MMA) act as inhibitors of NOS
[30].

Phosphatase activity

Involved in DNA repair and mitotic recombination. Functions in the recombinational DNA repair (RAD52) pathway [58].

Essential for gene silencing-a role in the structure of silenced chromatin. Plays a role in the developing brain [59].

This is a probable transcription activator that specifically binds the purine-rich single strand of the PUR element
located upstream of the c-Myc gene [60].

Plays a role in neuronal development and polarity, as well as in axon growth and guidance, neuronal growth cone
collapse and cell migration [61].

Regulates the GDP/GTP exchange reaction of most Rab proteins by inhibiting the dissociation of GDP from them, and
the subsequent binding of GTP to them.

NECAP endocytosis associated 1; Involved in endocytosis [62].

Mitochondrion, melanosome,
nucleus, cell membrane

Mitochondrion matrix

Cytoplasm

Cytoplasm, cell membrane

Cytosol, extracellular exosome,
nucleus, plasm membrane

Cytoplasm

RAVE complex

Mitochondrion matrix

Mitochondrion
Cytoplasm,

Extracellular exosome,
mitochondrion

Extracellular exosome

Nucleus
Nucleus

Nucleus

Cytoplasm

Cytoplasm, Golgi apparatus

Cytoplasmic vesicle, cell
membrane
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Dynamin-1 Microtubule-associated force-producing protein involved in producing microtubule bundles and able to bind and Cytoplasm
hydrolyze GTP. Most probably involved in vesicular trafficking processes and receptor-mediated endocytosis [63].

Signal transduction

Myozenin-2 Plays an important role in the modulation of calcineurin signaling. May play a role in myofibrillogenesis [64]. Cytoplasm

Olfactory marker protein Acts as a modulator of the olfactory signal- transduction cascade [65]. Plays a role during olfactory neurogenesis [66]. Cytoplasm

Mitogen-activated protein kinase 3 Serine/threonine kinase, acting as an essential component of the MAP kinase signal transduction pathway [67]. Cytoplasm, nucleus,
membrane

Cytoskeleton
Tubulin beta-3 chain Tubulin is the major constituent of microtubules. Cytoplasm

Alpha-internexin Internexin neuronal intermediate filament protein, alpha; Class-IV neuronal intermediate filament that is able to self- Cytoplasm, nucleus
assemble. It is involved in the morphogenesis of neurons [68].

Tropomodulin-2 Blocks the elongation and depolymerization of actin filaments. The Tmod/TM complex contributes to the formation of ~ Cytoplasm
the short actin protofilament, which in turn defines the geometry of the membrane skeleton [69].

Tubulin beta-2A Tubulin is the major constituent of microtubules. It binds two moles of GTP, one at an exchangeable site on the beta Cytoplasm
chain and one at a non-exchangeable site on the alpha chain.

Actin, cytoplasmic 1 Actins are highly conserved proteins that are involved in various types of cell motility. Cytoplasm
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macromolecular complexes or organelles (Fi-
gure 5A). Regarding the protein class classifica-
tion, 23% of the obtained proteins were cyto-
skeletal protein, and 19% of them were hydro-
lases (Figure 5B). Among all the proteins, 40%,
22% and 19% of the proteins were found to
have catalytic activity, structural molecule
activity and binding activity, respectively (Figure
5C). Most of the proteins were determined to
be involved in cellular or metabolic processes,
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and others were related to stimulus responses,
immune system processes, localization, bio-
logical regulation and other biological process-
es (Figure 5D). Subsequently, these 27 proteins
were classified to more specifically connect
them to their biological functions (Table 2).
Consistent with the GO Slim analysis, the list
in Table 2 showed that the SQYZ treatment
influenced multiple biological functions, includ-
ing energy metabolism, stress response, DNA
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repair and transcription, endocytosis, dephos-
phorylation, axonal guidance, signal transduc-
tion and cytoskeleton. Among them, 7 proteins
were related to energy metabolism, 5 proteins
were related to the cytoskeleton, and 4 pro-
teins were involved in immune responses and
DNA repair and transcription. The protein
expression level was increased in all cases
after SQYZ treatment, except for the proteins
related to endocytosis, one protein related to
axonal guidance and one protein related to
cytoskeleton. To explore the mechanical path-
ways involved in effects of SQYZ on the AD
mouse model, the Ingenuity Pathway Analysis
(IPA) was performed to construct a high-quality
protein-protein interaction network containing
22 genes (Figure 6). The 22-protein interaction
network identified here was rich in genes relat-
ed to energy metabolism, immune response,
and cytoskeleton. These analyses provided evi-
dence that SQYZ might contribute to regulating
energy production and stress responses at
early stage of AD pathological process.

Discussion

The complexity of aetiology and pathogenesis
of AD has been increasingly recognized in basic
and clinical studies. More than 20 genetic loci
associated with the risk of AD have been identi-
fied, and these are involved in immune system
and inflammatory responses, cholesterol and
lipid metabolism, and endosomal vesicle recy-
cling [20]. Moreover, increasing evidence sug-
gests that lifestyle-related factors have a role
in AD, such as vascular health status, diabetes,
obesity, physical and mental inactivity, depres-
sion, smoking, diet, and so on [5, 21]. Based on
the complexity and multicausality of AD, the
therapy of AD may be less promising by a single
drug with a single target, and therefore aimed
at multiple biological targets may be more
hopeful. Traditional Chinese medicine (TCM)
has a history of more than two thousand years
in China. TCM preparations, composed of natu-
ral plants or natural plant extracts, have the
advantages of being able to affect multiple tar-
gets and thus may be highly potent. TCM has
been comprehensively applied in treatments of
various diseases, such as diabetes, allergies,
inflammation, and cancer. Many TCM herbal
ingredients have been studied for their anti-AD
effects, among which the excellent ones, such
as galantamine and HupA, have even gained
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access to applications in clinics [22, 23]. These
encouraging advancements indicate that TCM
may be a promising candidate for the treatment
of AD. SQYZ is raised under the theory of TCM
and on the basis of a long history of clinical
experience. It mainly consists of the ginsen-
oside Rg1, astragaloside A and baicalin, which
have been well demonstrated to show potential
efficacies against dementia [8, 9].

In this study, we investigated the therapeutic
effects of SQYZ on an AD transgenic mouse
model at the early phases of AD. As expected,
SQYZ treatment markedly prevented behavioral
impairments in the water maze, nest construc-
tion and passive avoidance tests. The results
allow the conclusion to be drawn that SQYZ
treatment effectively improves learning and
memory abilities in AD mice. The alleviation of
AB burden resulting from SQYZ treatment in
the transgenic mouse brain implies that the
SQYZ is an effective TCM preparations for the
AD-like pathology. Because the pathogenesis
of AD is complex, AB production and aggrega-
tion should not be the only intervention targets.
In the current study, the 27 proteins success-
fully identified as differentially expressed by
2-DE and LC-MS/MS might include both direct
SQYZ targets and downstream proteins. These
27 proteins could be classified into 8 groups
based on their functions in energy metabolism,
stress response, dephosphorylation, cytoskel-
eton, DNA repair and transcription, endocyto-
sis, axon guidance and cell signaling.

Increasing evidence have suggested that the
pathogenesis of AD is not restricted to the neu-
ronal compartment but includes strong immu-
nological mechanisms in the brain [24]. In AD
process, neuroinflammation not only responds
to pathophysiological events but also contrib-
utes to and drives AD pathogenesis [25, 26].
Microglia and astrocytes are key players in the
inflammatory response of the brain, whose acti-
vation might occur early in AD, even before AB
deposition [27]. Reactive glia and inflammatory
mediators contribute to the disease progres-
sion. In the present work, SQYZ showed anti-
inflammatory effects by suppressing the activa-
tion of microglia and astrocytes in the cortex. In
addition, cytokines, one kind of neuroinflamma-
tory mediator, stimulate inducible nitric oxide
synthase (iNOS) in microglia and astrocytes,
which produce high concentrations of nitric

Am J Transl Res 2018;10(11):3857-3875
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oxide that are capable of neurotoxicity [28, 29].
Through proteomic analysis, we found that
SQYZ treatment upregulated the level of dime-
thylarginine dimethylaminohydrolase (Ddah1l),
which acts as an inhibitor of NOS [30]. This
result also suggests an anti-inflammatory role
for SQYZ. In addition, the extract molecular
mechanism remains to be further explored.

In addition to being phagocytosed by microglia

and astrocytes, AB can also be removed from
the brain by the chaperone-mediated autopha-
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gy (CMA) system [31]. Upon stress, heat shock
proteins (HSPs), as molecular chaperones, bind
to abnormal proteins and assist them to acquire
native structure, thus preventing misfolding
and the aggregation process [32, 33]. Sufficient
evidence has suggested that HSPs act as criti-
cal regulators of neurodegenerative processes
and are correlated with protein misfolding in
the brains of AD patients [32]. Among them,
numerous convincing reports have supported
the hypothesis that HSP70 may play a neuro-
protective role by inhibiting AP oligomerization
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and enhancing the clearance of A [34, 35].
Of our identified, differentially expressed pro-
teins, heat shock cognate 71-kDa protein and
stress-70 protein belong to the HSP70 class,
and 60 kDa heat shock protein belongs to the
HSPGB0 class. After SQYZ treatment, these
three HSPs were all upregulated in the brain,
indicating that the upregulation of HSPs might
be a reason for the decreased A burden in the
brains of mice treated with SQYZ.

As far as energy metabolism is concerned,
there is abundant literature that has reported
that perturbed bioenergetic function, especial-
ly energy metabolic disturbances caused by
mitochondrial dysfunction, has been observed
in the brains and peripheral tissues of patients
with mild cognitive impairment (MCI) and AD
[36-38]. The disruption of energy metabolism
is regarded as a prominent feature, a funda-
mental component and even a novel biomarker
of AD [39-41]. Data have suspected that
improving energy metabolism may be an eff-
ective way to prevent or treat brain ageing and
AD [42-44]. In our study, the main differently
expressed proteins associated with the energy
metabolism include mitochondrial membrane
ATP synthase (Atp5b), dihydrolipoyllysine-resi-
due acetyltransferase component of pyruvate
dehydrogenase complex (Dlat), fatty acid bind-
ing protein 5 (Fabpb), L-lactate dehydrogenase
B chain (Ldhb), alpha-enolase (Enol), lactoyl-
glutathione lyase (Glol) and DmX-like protein 1
(DmxI1). It has been reported in a number of
independent studies that these proteins par-
ticipate in energy metabolic processes and play
a central role in metabolic regulation. The lev-
els of tricarboxylic acid (TCA) cycle metabolites
were found to be significantly reduced in the
CSF samples of AD patients compared to those
of the MCI patients [45]. The enzymes and pro-
teins involved in TCA cycle, including Dalt,
Fabp5, Ldhb, Glo1 and Enol, were upregulated
by the SQYZ treatment in AD. Moreover, SQYZ
treatment could improve mitochondrial energy
metabolism by modulating the expressions of
mitochondrial proteins, such as Atp5b and
Dmxl1. In the present study, the increased
expression levels of these proteins may have
been conducive to improving energy metabo-
lism.

The data in the present study suggest that
SQYZ can improve the cognitive impairments
and mitigate the pathological changes in the
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brain in AD transgenic mice, and this effect may
be achieved through SQYZ’'s modulation of mul-
tiple processes related to AD pathogenesis,
including AB deposition, neuroinflammation,
stress responses, energy metabolism, etc. The
suggested systemic model of SQYZ activity is
summarized in Figures 6 and 7. However, it is
still difficult to know which proteins are the
direct targets of SQYZ and which are indirectly
modulated. To clarify this, further studies may
be necessary.
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Supplementary Figure 1. Full immunoblots image of panels in Figure 4. Western examples were extracted from the
cortices of the Tg+SQYZ and Tg+NS mice. Membranes were incubated with anti-MAPK antibody or anti-dynamin-1

antibody or antit-o-tubulin overnight. After incubation with secondary antibody, protein bands were visualized with
the FluorChem E imaging system (protein simple).



