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The aim of this study was to investigate the protective mechanism of neurovascular unit of Buyang Huanwu
decoction (BYHWD) in an Alzheimer’s disease (AD) cell model via RAGE/LRP1 pathway and find a reliable tar-
get for Alzheimer’s disease treatment.

Rat brain microvessel endothelial cells (BMECs) were cultured in 10% FBS and 1% penicillin/streptomycin.
The AD model was established by administration of 24 pmol/L amyloid-f peptides 25~35. Different concentra-
tions of BYHWD (0.1 mg/mL, 1 mg/mL, and 10 mg/mL) were added as the drug intervention. The morphology
of the cells was observed by light microscopy and the ultrastructure of the cells was observed by microscopy.
The inflammatory factors IL-1pB, IL-6, TNF-c, and AB,, .. were detected by ELISA. Flow cytometry was used to
assess the apoptosis rate. The expressions of RAGE, LRP1, ICAM-1, VCAM-1, Apo J, Apo E, and NF-xBp65 were
detected by Western blotting.

The structure of cells in BYHWDM and BYHWDH gradually recovered with increasing dose. BYHWD decreased
the apoptotic rate of BMECs induced by AB,, ... The cells treated with different concentrations of BYHWD had
significant difference in terms of anti-apoptotic effect. The therapeutic effect of BYHWD on AD was via the
RAGE/LRP1 and NF-kBp65 pathways.

BYHWD regulates A metabolism via the RAGE/LRP1 pathway, inhibits vascular endothelial inflammation in-
duced by ICAM-1 and VCAM-1 via the NF-xBP65 pathway, and promotes morphological changes induced by
AB-induced brain microvascular endothelial cell damage.

Alzheimer Disease ¢ Endothelial Cells ¢ Microvascular Decompression Surgery
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Material and Methods

Alzheimer’s disease (AD) is a chronic neurodegenerative dis-
order in multiple brain regions, characterized by the accumu-
lation and deposit of plaques of amyloid-f3 (AB) peptide in the
brain [1-3]. AD generally occurs in middle to late adulthood
and is always associated with decreased cognitive capabili-
ties. Based on clinical and population-based studies, approx-
imately 200 000 people under 65 years of age have AD [4,5].
In the last 30 years, research has suggested that receptor for
advanced glycation end-products (RAGE), which is a multi-li-
gand receptor located on the immunoglobulin superfamily of
cell surface molecules, is involved in the pathogenesis of neu-
rological dysfunction and death in people with AD [6,7]. A brief
pulse of cellular activation can be converted to sustained cel-
lular dysfunction and tissue destruction by engagement of
RAGE [8,9]. Recently, a study suggested that abnormal trans-
location of AB across the blood-brain barrier plays a vital role
on AD [10]. Translocation of AB across the blood-brain barri-
er is mainly realized through the RAGE and low-density lipo-
protein receptor-related proteinl (LRP1). RAGE acts as a vital
transporter in regulating influx AB, whereas the efflux of Ap
is achieved by LRP1 [11-14]. The increase of AB production is
caused by various reasons; the decreased clearance rate leads
to accumulation of AB in brain parenchyma, and the formation
of senile plaque is the basic process of AD [15].

Buyang Huanwu decoction (BYHWD), a traditional Chinese
medicine (TCM) prescription, plays a role in blood circulation.
In animal experiments, BYHWD has been proven to protect
nerves, promote angiogenesis, and improve functioning [1,16].
Furthermore, studies have demonstrated that BYHWD promotes
the recovery of nerve function and angiogenesis by enhanc-
ing VEGFR2 phosphorylation through the PI3K/Akt signaling
pathway [17,18], and improves denervation dependent mus-
cle atrophy by increasing ANGPTL4 expression [19]. The aim of
the present study was to define the protective mechanism of
BYHWD in the neurovascular unit via RAGE/LRP1 pathway in
an AD cell model and find a reliable target for AD treatment.

Table 1. Components of Buyang Huanwu decoction.

Preparation

According to the original prescription from the “TCM
Prescriptions Dictionary”, BYHWD consists of 7 Chinese herbs
(Table 1) [20]. All dried herbs were purchased from the First
Affiliated Hospital of Heilongjiang University of Traditional
Chinese Medicine by Professor Zhongguang Zhou. The decoc-
tion was prepared [3,17], and freeze-dried into dry powder by
Professor Ning Tian at the Experimental Center of Heilongjiang
University of Traditional Chinese Medicine. All herbal chemical
ingredients of drugs were extracted referring to standard meth-
ods listed in the National Pharmacopoeia of China to maintain
the consistency. The dry powder of BYHWD was dissolved in
sterile water, and then was prepared into a saturated solution.

Establishment of AD cell model

The primary rat brain microvessel endothelial cells (BMECs) were
purchased from Shanghai Asiqi Biological Engineering Company
(China). The study was approved by the Ethics Committee of the
First Affiliated Hospital of Heilongjiang University of Traditional
Chinese Medicine. The BMECs was seeded into a culture flask
and cultured with DMEM medium containing 10% fetal bovine
serum (FBS) (Bovogen, Australia) and 1% penicillin/streptomy-
cin (HyClone, USA) in a 37°C incubator with 5% CO, and 100%
humidity. BMECs in logarithmic growth phase were adjusted to
1.0x10°/mL cell suspension with culture medium. We seeded
5 mL of cell suspension into a 25-cm? culture flasks and cul-
tured it for 24 h in an incubator with 5% CO, at 37°C. After
cell adhesion was achieved, the primary culture medium was
discarded and culture medium containing 24 umol/L AB,, ..
(Bioss Biotechnology, Beijing, China) cells was added and in-
cubated for 24 h to create the AD cell model.

Drug administration

The BMECs were seeded into 6 flasks randomly divided into
6 groups: 1) Control group (Control), cells were cultured with

Family English name Chinese name Batch number Weight

Leguminosae Astragalus mongholicus Huang gi 131109 120 g
"""" Umbelliferae  Angelicaroot ~ Damggui 131000  6g
"""" Ranunculaceae  Redpeonyroot ~ Chishao 121003  45g
"""" Umbeliferae ~ Sichuan lovage rhizome ~ Chuanxiong 20140501  3g
"""" Megascolecidae ~ Eathworm  Dilong 121002  3g
"""" Rosaceae  Peachseed  Taoren 20140401  3g
"""" Feverfew ~ Carthamustinctorius  Honghua 13091  3g
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Figure 1. Effect of AB,, .., Donepezil, and BYHWD on cell proliferation rate at different concentrations.

drug-free medium (10% FBS, 1% penicillin/streptomycin);
2) Model group (Model), the cells were incubated with drug-
free medium after the establishment of AD model; 3) Donepezil
group (Positive control), the cells were incubated with 37.6 uM
Donepezil (Beijing Braun Technology Co., Beijing, China) cell
medium after establishment of the AD model; 4) Low-dose
BYHWD group (BYHWDL), the cells were treated with 0.1 mg/mL
BYHWD after establishment of the AD model; 5) Middle-dose
BYHWD group (BYHWDM), the cells were treated with 1 mg/mL
BYHWD after establishment of the AD model; and 6) High-dose
BYHWD group (BYHWDH), the cells were treated with 10 mg/mL
BYHWD after establishment of the AD model.

Proliferation assay

Cells density was adjusted to 5x103~1x10%/mL, 100 pL/well,
and then inoculated to 96-well culture plates (8 wells in each
group) for 24 h. Then, 180 pL of different concentrations of
BYHWD (0.1 mg/mL, 1 mg/mL, and 10 mg/mL) were added into
each of the wells according to the grouping scheme. After 20 h
of culturing, 20 ul of MTT solution (Sigma-Aldrich Chemical
Company, St Louis, USA) at a concentration of 5 mg/ml was
added into each of the wells, and the cells were incubated for
an additional 4 h at 37°C. Next, 150 pL of DMSO (Solarbio,
Beijing, China) was added into each of the wells and gently

shaken for 10 min to mix. The spectrophotometric absorbance
was measured at a wavelength of 490 nm using a Multiskan
MK3 microplate reader (Thermo Lab Systems, USA).

Microscopic observation

The treated BMECs were digested using 1 mL of 0.25% tryp-
sin-EDTA (Bovogen, Australia) for 3 min and seeded into the
6-well culture plates after cell resuspension, and then cul-
tured with drug for 24 h. Then, the cells were observed and
photographed under an inverted microscope (Leica, Germany).

Giemsa staining

Cell density of the BMECs in the logarithmic growth phase
was adjusted to 1.0x10°/mL and seeded into 6-well culture
plates. The culture medium of each of the wells was aspirated.
The cells were then washed twice with PBS, fixed with 4%
formaldehyde, stained with Giemsa solution (Solarbio, Beijing,
China) for 20 min, and then destained with water. The plate
was dried, observed, and photographed under a light micro-
scope (Leica, Germany).
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Figure 2. The morphology of BMECs as shown by microscopy (x100). Bar, 200 pm.

Electron microscopy

BMECs were digested with 0.25% trypsin for 3 min and cen-
trifuged for 5 min at 2000 rpm. After washing 2 times with
PBS, the cells were centrifuged again and the supernatant was
discarded. The cells were then fixed with glutaraldehyde and
1% osmic acid, dehydrated with acetone, embedded in epoxy
resin, and then cut into 60-nm ultrafine slices. After double
staining with uranyl acetate and lead citrate, the slices were
observed and photographed with a transmission electron mi-
croscope (Leica, Germany).

Apoptosis assay

Flow cytometry including annexin-V FITC (Beijing Baosai
Biotechnology) and propidium iodide (PI) double staining
were used to assess cell apoptosis. Briefly, after treatment,
floating and trypsinized adherent cells were collected and
washed with PBS 2 times. Then, the cells were resuspended
with 100 pL PBS, after which 5 pL of FITC-marked annexin-V
and 5 pl of Pl were added, evenly mixed, and incubated in the
dark for 15 min. Subsequently, 1xbinding buffer was added to
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Figure 3. Giemsa staining to observe the morphology of BMECs.

each reaction tube. After 1 h, the cells were assessed by flow
cytometry (Beckman; Palo Alto, CA, USA).

Enzyme-linked immunosorbent assay (ELISA)

The supernatant was collected and measured using ELISA kits
(Xitang Company, Shanghai, China) according to the manufac-
turer’s instructions. The test indicators included IL-1p, IL-6,
TNF-a, and AB, ... Optical density was measured at 450 nm
using a microplate reader (Thermo, USA).

Western blotting
The concentration of protein sample was detected by BCA

Protein Assay Kit (Boster Biological Technology Co., Wuhan,
China). The protein samples were mixed with 5xloading buffer,

and then boiled for 5 min. Equal amounts of protein (30 pg)
were electrophoresed by 12% sodium dodecy! sulfate poly-
acrylamide gel electrophoresis. After electrophoresis, the tar-
geted proteins on the gel were transferred onto a polyvinyli-
dene difluoride (PVDF) membrane (Millipore Corp., Billerica, MA,
USA) and blocked with 5% skim milk overnight at 4°C. After
that, the membrane was incubated with primary antibodies
at room temperature for 2 h. After 3 washes with TBST, the
membrane was incubated with HRP-labelled secondary anti-
body for 1 h at room temperature. Subsequently, the PVDF was
immersed into the electrochemiluminescence (ECL, USA) solu-
tion for 2 min in the dark. Finally, band intensity was quantified
using Image J software (Rawak Software, Germany). The ratio
of gray values between targeted band and the internal refer-
ence band was used as the relative expression of protein. The
primary antibodies used in this study were: rabbit anti-RAGE
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Figure 4. The ultrastructure of BMECs as shown by transmission electron microscopy (x1300).

antibody (CST, Danvers, MA, USA), rabbit anti-LRP1 antibody
(CST, Danvers, MA, USA), rabbit anti-ICAM-1 antibody (CST,
Danvers, MA, USA), rabbit anti-VCAM-1 antibody (CST, Danvers,
MA, USA), rabbit anti-Apo) antibody (CST, Danvers, MA, USA),
rabbit anti-ApoE antibody (CST, Danvers, MA, USA), and rabbit
anti-NFkB-p65 antibody (CST, Danvers, MA, USA), with B-ac-
tin (CST, Danvers, MA, USA) as the internal reference. The sec-
ondary antibodies used were: goat anti-rabbit HRP-conjugated
IgG (Boster Biological Technology Co., Wuhan, China) and goat
anti-mouse HRP-conjugated IgG (Boster Biological Technology
Co., Wuhan, China). All secondary antibodies were diluted with
WB Secondary Antibody Diluent (M3101, HaiGene, Shanghai,
China). All experiments were repeated 3 times.

Statistical analysis

All data were analyzed by SPSS13.0 (SPSS, Inc., Chicago, IL,
USA) software. All data were obtained from 3 independent ex-
periments. All data are shown as means + standard deviation
(SD). Statistical significance of the data was determined using
one-way analyses of variance (ANOVA) followed by a Student-
Newman-Keuls (SNK) multiple comparison test. P<0.05 was
considered statistically significant.
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Figure 5. Effect of BYHWD on apoptosis at different concentrations. ## P<0.001, compared with control group; ** P<0.01, *** P<0.001,

compared with model group.

Results

Effect of drugs on the proliferation of BMECs

MTT assays showed that the IC,  values of BYHWD, AB,, .., and
Donepezil were 1 mg/mL, 20 nmol/L, and 37.6 umol/L, respec-
tively. The experimental grouping was set up according to the
value of IC, . MTT assays showed that less than 10 nmol AB,,
inhibits the cell proliferation. The cell proliferation was obvi-
ously inhibited by 20 nmol AB,, .., achieving half inhibition.
The cell proliferation was obviously inhibited by 37.6 pmol/L
Donepezil, while less than 37.6 pmol/L Donepezil had no ob-
vious effect on cell proliferation. Less than 1 mg/mL BYHWD

had little or no effects on the inhibition of cell proliferation,
but more than 1 mg/mL BYHWD had an obvious effect on cell
proliferation, achieving half inhibition (Figure 1).

Microscopic observation of cell growth

In the control group, BMECs grew adherently and rapidly.
The cells presented a rich cytoplasm and had fusiform or poly-
gon shapes. In the model group, the cell proliferation was ob-
viously slower and the cell adherence was weaker than in
the control group, and the cell shape was changed from poly-
gon to circle with the features of cells shrinkage and appar-
ent loosening of cellular junctions. Compared with the Model
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Figure 6. The apoptotic bodies of BMECs as shown by transmission electron microscopy (x22 000).

group, the cells in the Donepezil group had rapid growth and
enhanced cell adhesion, the number of cells increased, and
cell shape was restored (Figure 2). In the BYHWDL, BYHWDM,
and BYHWDH groups, the cell adherence and growth rate in-
creased gradually with increasing dose. In addition, the num-
ber of cells was gradually increased with increasing dose, and
the shape of cells in the BYHWDH group was similar to that
in the control group (Figure 2).

Giemsa staining

In the control group, the BMECs had fusiform or polygon
shapes, and they were large and rich in cytoplasm. Multiple
nucleoli were observed in the nucleus, and the cell membrane
was intact. In the Model group, the shape of cells changed to

round, the number of cells decreased, and the volume of cells
was smaller. Moreover, the cells showed early apoptosis in the
form of nucleus pyknosis and lysis, and chromatin margin-
ation. In contrast to the Model group, there were more cells
in the Donepezil group, with less nucleus pyknosis and bet-
ter cell morphology. In the BYHWDH, BYHWDM, and BYHWDL
groups, there was more nucleus pyknosis, lysis gradually de-
creased, and the number of cells gradually increased with in-
creasing dose. The morphology of cells in the BYHWDH group
was similar to that of the Control group (Figure 3).

Electron microscopic observation of cell ultrastructure

In the Control group, the BMECs showed normal nucleus, rich
cytoplasm, clear rough endoplasmic reticulum, and normal
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Figure 7. The inflammatory factor of IL-1, IL-6, AB,, .., and TNF-a detected by ELISA.

cytoplasm-to-nucleus ratios. In addition, microvilli and mito-
chondrial flocculent densities were observed. By contrast, cells
in the Model group had nucleus pyknosis, abnormal nucleus-to-
cytoplasm ratio, poor cytoplasm, expansion of rough endoplas-
mic reticulum, and widened perinuclear spaces. Additionally,
vacuolar degeneration of mitochondria and limited microvilli
were observed. Compared with the Model group, cells in the
Donepezil group showed normal nucleus, rich cytoplasm, and
clear rough endoplasmic reticulum and mitochondria. Moreover,
there was microvilli and vacuolar degeneration in the cytoplasm.
The structure of cells in the BYHWDL group was poor, while the
structure of cells in the BYHWDM and BYHWDH groups grad-
ually recovered with increasing dose (Figure 4).

Flow cytometry apoptosis detection

The protective effect of BYHWD on AB-induced BMECs was ob-
served by Annexin-V-FITC/Pl method. Compared with the Control
group, flow cytometry analysis showed that there were signif-
icantly more BEMCs in the Model group (P<0.001). Compared
with the Model group, the apoptotic rate of BMECs was sig-
nificantly decreased in the BYHWDM and BYHWDH groups,
especially in the BYHWDH group (P<0.01). The results indi-
cated that BYHWD decreased the apoptotic rate of BMECs in-
duced by AP (Figure 5).

Observation of apoptotic bodies by transmission electron
microscopy (TEM)

In the Control group, the chromatin of apoptotic cells was
condensated, condensed into small pieces, and gathered in a
crescent or ring body around the nuclear membrane. The cy-
toplasm of apoptotic cells in the Control group was concen-
trated, the loose endoplasmic reticulum merged with the mem-
brane to form many vacuoles, while mitochondria and the
structure of endoplasmic reticulum did not change obviously.
In the late stage of apoptosis, there were cell nucleus apop-
totic bodies. The chromatin of necrotic cells was sparse and
granular, with irregularly distributed and unclear boundaries.
The cytoplasm was swollen, the organelle structure was dam-
aged, and the cell membrane was incomplete. However, the
cells treated with BYHWD showed significantly fewer apop-
totic bodies. Furthermore, the cells treated with different con-
centrations of BYHWD had significantly different anti-apoptot-
ic effects (Figure 6).

Inflammatory factors detected by ELISA

Compared with the Control group, the expression levels of
IL-1B, IL-6, A, . and TNF-a in the Model group were signif-
icantly higher (P<0.01). In contrast to the Model group, the
expression levels of IL-1B, IL-6, and TNF-o. were significantly
lower in the BYHWDM group (P<0.01). In the BYHWDH group,
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Figure 8.

Protein levels of RAGE, LRP1, NFkB-p65, and ApoE in 6 groups. * p<0.05, compared with the control group; & P<0.05,

compared with the model group. A — control group; B — model group; C — Donepezil group; D — BYHWDL group; E — BYHWDM

group; F — BYHWDH group.

the expression levels of IL-1B, IL-6, and TNF-o. were signifi-
cantly lower than in the Model group (P<0.001). There was no
significant difference in expression of IL-1f, IL-6, and TNF-o
between the BYHWDM and Donepezil groups. Those findings
indicate that the expression levels of IL-1f, IL-6, and TNF-o in
BEMCs induced by AB were decreased by BYHWD (Figure 7).

Western blotting
Compared to the Control group, the protein expressions of

RAGE and NF-kBp65 were significantly increased (P<0.01),
while the expressions of LRP1 and Apo E was significantly

decreased (P<0.01) in the Model group. The results indicated
that the model induced by AB,, .. was similar to the patho-
logical changes of AD, and thus the model establishment was
considered successful. The protein expressions of RAGE and
NF-kBp65 in BYHWD groups with different doses were sig-
nificantly decreased in a dose-dependent manner compared
to the Model group, especially the BYHWDH group (P<0.05).
There was no significant difference in expression of Apo E be-
tween the BYHWDL and BYHWDM groups, but the BYHWDH
group had a significant difference. These findings suggested
that the therapeutic effect of BYHWD on AD is mediated by the
RAGE/LRP1 transfer system and NF-xBp65 pathway (Figure 8).
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Figure 9. Protein levels of ICAM-1 and VCAM-1 in 6 groups. * P<0.05, ** P<0.01 compared with the control group; * P<0.05, & P<0.01,
compared with the model group. A — control group; B — model group; C — Donepezil group; D — BYHWDL group; E — BYHWDM

group; F — BYHWDH group.

In the Model group, A, ., stimulated vascular endothelial cells
to produce inflammation and increased the protein expressions
of ICAM, NF-xBp65, and VCAM-1 (P<0.01). The results indicat-
ed that therapy with AB,. . for 24 h caused inflammatory le-
sions of brain microvascular endothelial cells, thus affecting
the permeability of endothelial cells. The protein expressions
of ICAM-1 and VCAM-1 in BYHWD groups with different dos-
es were more significantly decreased compared to the Model
group, in a dose- dependent manner. Furthermore, BYHWDM
and BYHWDH had the most obvious effect on the decrease of
ICAM-1 and VCAM-1 (P<0.05). These findings suggested that
the therapeutic effect of BYHWD on AD was mediated by in-
hibiting NF-xBp65 pathway, which was achieved by affecting
ICAM-1 and VCAM-1 proteins (Figure 9).

Discussion

AD, a profound neurodegenerative disease in elderly people,
affects cognition, behavior, and function [21]. It is widely ac-
knowledged that deposition of AB is one of the main typical
pathological characteristics of AD [22]. Prior studies have dem-
onstrated that BYHWD promotes neurological rehabilitation after
cerebral ischemic injury by improving synaptic plasticity [23-25].
In addition, the involvement of RAGE in pathophysiological
processes has been proven in some neurodegenerative dis-
eases [26]. Oxidative stress is increased after binding ligands to
RAGE. In addition, overexpression of RAGE can lead to a harmful

cycle that perpetuates oxidative stress and contributes to neu-
roinflammation by nuclear factor-«kB (NF-xB) upregulation [26].
Therefore, in the present study we investigated the effect of
BYHWD on BMECs induced by AB,. .. and explored the rela-
tionship between RAGE/LRP1 and NF-xBp65 in AD.

Our research demonstrated that BYHWD improves the damage
of BMECs induced by AB,, .., and it has a certain protective
effect on BMECs. The apoptosis rate of BMECs in the Model
group was significantly increased compared to the Control
group, while the BYHWD high-dose and medium-dose groups
had lower apoptosis rates of BMECs in different degrees. In ad-
dition, the result of electron microscopy showed obvious de-
crease of apoptotic bodies in the BYHWDH and BYHWDM
groups, and these findings were consistent with morphologi-
cal experimental results of BMECs. Studies showed that extra-
cellular deposition of AR may induce neuronal death, which is
the major cause of AD [27,28]. The chronic inflammatory cas-
cade of brain tissue caused by AB-mediated neuronal injury
is an important part of the pathological process of AD [29].
Thus, we used ELISA to assess the role of BYHWD in the ex-
pression of inflammatory factors and AB,, .. protein in BMECs.
The expression of inflammatory cytokines IL-1p, IL-6, TNF-c,
and AB, .. in the Model group was significantly higher than
in the Control group, indicating that successful modeling was
achieved. Furthermore, different concentrations of BYHWD
decreased the expression of inflammatory cytokines IL-1f3,
IL-6, TNF-0,, and AP indicating that BYHWD regulates the
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immune inflammatory cascade caused by excessive deposi-
tion of Ap. BYHWD effectively reduces neuronal injury induced
by AP toxicity in brain tissue, and can prevent and treat AD.

In this study, the effect of BYHWD on RAGE/LRP1 transporter
in BMECs and its protective effect on endothelial cells were
investigated. The results showed that BYHWD decreased the
expression of the inward transporter RAGE and increased the
expression of the outward transporter LRP1 and the key li-
gand ApoE. Downregulation of the inward transporter RAGE
reduces its ability to enter brain tissue, thereby reducing the
accumulation of free AB in the brain tissue. Upregulation of
the outward transporter LRP1 and the key ligand ApoE accel-
erates the transport of AP across BBB, thereby effectively re-
ducing the formation of A and senile plaques (SP) in brain tis-
sue [22]. This study demonstrated that the interaction between
AP and RAGE can activate NF-xB, which mediates vascular en-
dothelial activation and increases the expression of inflamma-
tory cytokines TNF-6 and IL-6 and adhesion molecules ICAM-1
and VCAM-1 and endothelin-1 (ET-1) to promote inflammatory
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response and the development of AD. Thus, both RAGE expres-
sion and adhesion factors (ICAM-1 and VCAM) expression are
closely associated with activation of NF-kB.

Conclusions

Our research demonstrated that 20 nmol/L AB,, .. leads to

protein expression disorder of RAGE/LRP1 and overexpression
of inflammatory factors such as ICAM-1 and VCAM-1. BYHWD
improves morphological changes in BMECs induced by Ap.
BYHWD regulates AR metabolism via the RAGE/LRP1 path-
way and inhibits vascular endothelial inflammation induced
by ICAM-1 and VCAM-1 via the NF-kBP65 pathway. These re-
sults provide reliable experimental evidence of the effects of
BYHWD treatment on AD.
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