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Abstract: Huntington’s disease (HD) is a neurodegenerative disease characterized by motor
dysfunction and early death. Despite years of research, the mechanisms responsible for chronic
neurodegeneration of HD remain elusive. Chinese traditional medicines might provide new
insights or new therapy for HD. The Chinese herbal formula B401 is a well-known Taiwan-US
patent formula and a health supplement for promoting blood circulation and enhancing brain
function. This study aimed to elucidate the neuroprotective effects of the Chinese herbal
formula B401 on the syndrome of HD. Then, we compared the life span and body weight of
R6/2 HD mice with and without oral B401 treatment. The ameliorative effects of B401 on the
symptom of HD mice were investigated through behavior tests. Expressions of proteins for
neuroprotection, angiogenesis, and inflammation in the brain tissue of R6/2 HD mice were
compared by using immunostaining and Western blotting techniques. Our study in vitro showed
that viabilities of glutamate-treated SH-SY5Y cells were significantly increased under B401
treatment. Our results in vivo showed that duration of survival was increased, body weight loss
was reduced, and motor ability was improved in R6/2 HD mice under oral B401 treatment.
Subcutaneous microcirculation was enhanced in 3-month R6/2 HD mice under intraperitoneal
B401 injections as observed by using moorFLPI laser Doppler imager. Atrophy of cerebrum,
midbrain, and cerebellum in 3-month R6/2 HD mice under oral B401 treatment was alleviated
as observed by utilizing magnetic resonance imaging. Evidence from immunostaining and
Western blotting analysis showed that expressions of mutant huntingtin and tumor necrosis
factor-alpha were reduced, while expressions of brain-derived neurotrophic factor and vascular
endothelial growth factor were enhanced in the brain tissue of 2-month R6/2 HD mice under
oral B401 treatment. We suggest that the herbal formula B401 can be developed as a medical
supplement for ameliorating neurodegenerative diseases of HD via reducing mutant huntingtin
aggregation and excitotoxicity, enhancing neuroprotection and angiogenesis, and alleviating
inflammation in the brain.
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Highlights

1. We report anti-huntingtin aggregation potential of the Chinese herbal formula
B401 in the brain of R6/2 mouse model of Huntington’s disease (HD).

2. The Chinese herbal formula B401 upregulates brain-derived neurotrophic factor
and vascular endothelial growth factor, and suppresses tumor necrosis factor-alpha
in the brain of R6/2 HD mice.

3. The Chinese herbal formula B401 may serve as a potential therapeutic strategy
for HD brain atrophy.

submit your manuscript
Dove

http:;

Drug Design, Development and Therapy 2015:9 887-900 887

© 2015 Wang et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php


http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S78015
mailto:megawu@ntnu.edu.tw
http://dvpr.es/1ET6mqY

Wang et al

Dove

Introduction

The cause of Huntington’s disease (HD) relates to an expanded
CAG repeat in exon 1 of the huntingtin gene.'? Under normal cir-
cumstances, huntingtin is the key to brain anti-apoptosis.* > It also
prevents the production of mutant protein.®” Once the genetic
disorder takes place, it leads to cortical and striatal degeneration,
and gathers mutant huntingtin.' The outcome is the mutant and
dysfunctional protein.® Although the mutant protein can be found
in the patients’ pathogenetic basal ganglia neurons, its connection
with the pathology of HD remains obscure.”!’ The dilemma of
conventional pharmacological treatment has prompted the search
for alternative treatments for HD. One such treatment is the use
of herbal medicines. Traditional herbal medicine may offer thera-
pies with better efficacy and fewer side effects. Therefore, herbal
treatment is being preferred over conventional treatments. Much
attention and scope are drawn toward herbal remedy of many
brain disorders. Studies have shown the therapeutic potential
of chronic treatment with several herbal medicines in various
neurodegenerative diseases, such as Alzheimer’s disease (AD),
Parkinson’s disease (PD), and HD.""** Chronic treatment with
these herbal medicines was shown to have neuroprotective
effect to normalize brain transmitter levels and to increase brain-
derived neurotrophic factor (BDNF) levels.

Transgenic mouse models of HD have been used for pro-
moting the study of HD."* One of the most popular models is
the R6/2 HD mouse. It carries 150 CAG repeats and expresses
exon 1 of the human HD gene.” In this study, R6/2 HD
mouse is chosen as the model because of its practical use for
testing HD therapies.'® It shows a progressive homogeneous
HD-like phenotype. During its life cycle from 14 weeks to
16 weeks, the R6/2 HD mouse gradually suffers from neu-
rological movement disorder, declined motor performance,
and reducing body weight until death.'*

In Taiwan, the Chinese herbal formula B401 has been
developed as a health supplement for promoting blood circu-
lation and enhancing brain function. Thus, we assumed that
B401 might have neuroprotective effects on HD. Here, we
examined the neuroprotective effects of the B401, assessing
neuroblastoma SH-SYSY cell viability in vitro, and using the
HD-like R6/2 HD mouse model to examine motor behavior,
microvascular blood flow, brain morphology, inflammation,
and mutant huntingtin aggregation under B401 treatment.

Materials and methods
Chromatographic fingerprint analysis for
the Chinese herbal formula B40|

Originally developed as a health supplement, the herbal for-
mula B401 (supplied by Sun-Ten Pharmaceutical Company)

contains Panax ginseng, Astragalus membranaceus, Angelica

sinensis, Rehmannia glutinosa, Ligustri fructus, and Eclipta
prostrata. Figure 1 A shows the liquid chromatographic charts
representing the wavelengths of these six ingredients. The
marker compounds of these ingredients are ginsenosides Rb1,
formononetin, 5-hydroxymethylfurfural, ferulic acid, oleano-
lic acid, and wedelolactone individually. All chemicals used
in production were analytical and solubilized in distilled H,O/
MeOH. The production also depended on high-performance
liquid chromatography grade acetonitrile from Burdick &
Jackson (Gyeonggi-do, Korea) and methanol from Avantor
(Center Valley, PA, USA). Moreover, purified water was
provided by Milli-Q water purification system (EMD Mil-
lipore, Billerica, MA, USA). An additional information is
that the experiments would not be affected by vehicle.

SH-SY5Y cell viability assay

As shown by a previous study,'” we cultured human neuro-
blastoma SH-SYS5Y cells in culture flasks (25 ¢cm?). Then,
SH-SYSY cells were maintained in Dulbecco’s Modified
Eagle’s Medium (DMEM) and incubated at 37°C in a humidi-
fied atmosphere (95% air and 5% CO,). SH-SYSY cells must
be placed on glass-based culture dishes (35 mm) no later than
24 hours before the experiments. The cultured neuroblastoma
SH-SYS5Y cell lines go through 500 nM retinoic acid (RA)
treatments for 18 hours and undergo neuronal differentiation
over 3—10 days. Experiments were conducted in laboratory
environment. The cells were cultured with and without Chinese
herbal formula B401 (10-30 mg/mL dissolved in dimethyl sul-
foxide) or N-methyl-D-aspartate (NMDA) receptor antagonist,
MK-801 (10 uM) for 1 hour, and then treated with glutamate
(10 mM) for 24 hours. Control cultures were also administered
the same amount of DMEM. After the treatment with B401
and glutamate, we added 0.5 mg/mL 3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide (MTT) to culture media.
SH-SYS5Y cells were incubated for 3 hours at 37°C. Then,
absorbance was read at an optical density (OD) of 570 nm
with an enzyme-linked immunosorbent assay reader (uQuant,
Bio-Tek Inc, Winooski, Vermont, USA). The percentage of
cell viability was calculated as OD at 570 nm of experiment
well divided by OD at 570 nm of control well. All treatments
were repeated at least three times under each condition.

R6/2 transgenic HD mice preparation

and monitoring

Among all the HD animal models, the transgenic R6/2 mouse
(B6CBA-Tg(HDexon1)62Gpb/1J) is widely acclaimed
because of its usefulness.”® Life cycle of R6/2 HD mice is
estimated to be 12—16 weeks. Their neurological phenotype
was progressed with age, including choreiform-like or
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Figure | Chromatographic fingerprint analysis and cell viability assay for the Chinese herbal formula B401.

Notes: (A) HPLC fingerprint of the herbal formula B401. Characteristic peaks of B401, ie, (a) ginsenosides Rb| (molecular formula: C_,H,,O.

sH5,0,5 molecular weight: 1,109.3 g/mol;

from Panax ginseng) and oleanolic acid (molecular formula: C, H, O ; molecular weight: 456.7 g/mol; from Ligustri fructus), (b) formononetin (molecular formula: C H O

4873

molecular weight: 268.3 g/mol; from Astragalus membranaceus), (c) 5-hydroxymethylfurfural (molecular formula: C.H O

12

H.Oy molecular weight: 126.1 g/mol; from Rehmannia

glutinosa), (d) ferulic acid (molecular formula: C, H, O,; molecular weight: 194.2 g/mol; from L. fructus), (e) wedelolactone (molecular formula: C, H, O,; molecular weight:

1074

1077

314.3 g/mol; from Eclipta prostrata), were identified and marked at the corresponding peaks in the fingerprint. (B) Cell viabilities of RA-induced SH-SY5Y cells with glutamate
treatment for 24 hours in the absence or presence of the B40| at indicated doses, or NMDA receptor antagonist, MK-801. Glutamate-treated SH-SY5Y cell viabilities were
significantly increased under B401 (B401, n=6 for each B40| dose treatment) and MK-801 treatment (MK-801, n=6) individually than their control (n=6). Values are mean *
SEM (**P<<0.01, *P<<0.05, two-way ANOVA followed by a Student—-Newman—Keuls multiple comparisons posttest).

Abbreviations: AU, arbitrary perfusion units; 5-HMF, 5-hydroxymethylfurfural; Ctrl, control; Glu, glutamate; HPLC, high-performance liquid chromatography; RA, retinoic

acid; NMDA, N-methyl-D-aspartate; SEM, standard error of the mean; ANOVA, analysis of variance.

unintentional movements, tremor, and epilepsy. They may
also suffer from muscle wasting and premature death. Some
of the phenotypes are similar to the quality of HD, like move-
ment disorders, uncommon vocalization, and loss of muscle.
In addition, huntingin protein could be found in neuronal
intranuclear inclusions. During the 12-hour light/dark cycle,
their supplement of food and water is unrestrained. The body
weights of experimental mice were monitored daily. All the
mice in the experiment were checked daily for determining
life span. Their death judgment rests on cardiac arrest. Mice
euthanasia would be carried out under the circumstance of
moribund, including lack of movement even after prod-
ding, and/or lying on the side and lack of righting reflex.
All mice in the experiment were maintained according to
the international guidelines for care and use of laboratory
animals. Experimental procedures involving animals were
approved by the Committee on Animal Research of National

Taiwan Normal University (NTNU) and implemented under
the guidelines of the Committee (protocol number: NTNU/
Animal Use/No 13017/Nov 26, 2013).

Oral B40I treatments in R6/2 mice

In this study, we chose 2-month R6/2 HD mice for oral treat-
ment with either B401 extract (30 mg/mL, the pH value was
close to 7.0) or its vehicle (dimethyl sulfoxide) in the drinking
water. Twice weekly, animals were weighed, and their water
was refreshed. All doses were adjusted according to individual
weight and water consumption, which averaged 30 mL/day.
On the other hand, we chose 3-month R6/2 HD mice for
intraperitoneal injection of B401 extract (100 mg/kg, the
pH value was close to 7.0), or its vehicle (dimethyl sulfoxide)
in saline solution. The dosage and administration of B401
extract in R6/2 HD mice were much lower than the dosage of
IC, . All doses were adjusted according to individual weight,
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which averaged 10 mL/kg. According to our observations,
R6/2 HD mice began to develop HD symptoms at the age of
8 weeks and began to die at the age of 14 weeks. Thus, we
chose 2-month R6/2 HD mice to study the effect of B401
treatment on HD symptoms at the early stages. In addition,
we chose 3-month R6/2 HD mice to study the effect of B401
treatment on HD symptoms at the later stage. All protocols in
the experiment were executed according to the international
guidelines for care and use of laboratory animals.

Behavior analysis in R6/2 mice

For determining motor ability and coordination in R6/2 mice,
a rotarod testing was used in this study. A standard rotarod
(Ugo Basile North America Inc., Schwenksville, PA, USA)
was applied on R6/2 mice and their wild type (WT). As
described previously, R6/2 mice were acclimatized to the
apparatus at the minimum speed of 4 rpm for 20 seconds
during each trial.'® Following acclimatization, the rod was
progressively accelerated from 4 rpm to 40 rpm over a dura-
tion of 5 minutes. Latency to fall from the rod for R6/2 mice
and their WT was recorded.

Skin blood flow in R6/2 mice

Laser Doppler imager (Moor Instruments, Axminster, UK)
was put into practice to scan regional dermal microvascular
blood flow in R6/2 mice without skin contact.!” Through the
camera positioned at 18 cm above the skin, the blood flow
would be recorded with the data acquisition software (Moor-
FLPI measurement software, Version 3.0; Moor Instruments)
in arbitrary perfusion units.

Brain morphology in R6/2 mice

Following the methods previously described, R6/2 mice were
imaged with magnetic resonance imaging (MRI) to study
their brain size in cerebrum, midbrain, and cerebellum.? Like
rodents of MRI studies, R6/2 mice were anesthetized using 5%
isoflurane before they were positioned and fixed onto a plastic
frame. While anesthetic was administered through a facemask,
mice were in stable anesthesia, typically between 1% and 2%
isoflurane for the duration of the MRI scanning. The 7 T hori-
zontal bore MRI system (Bruker BioSpec 70/30 USR; Bruker
BioSpin Corporation, Billerica, MA, USA) was used to form
the image of brain according to three orthogonal planes: axial,
sagittal, and coronal. With the aid of Vitrea Core software
(Toshiba Medical Systems, Minnetonka, MN, USA), a 3D
reconstruction of brain was created. Furthermore, the brain was
first outlined in each axial image, primarily based on its ana-
tomical location relative to adjacent organs, making it easier
to calculate the volume of brain size. Eventually, terminal

anesthesia with sodium pentobarbital (50 mg/kg) was given
to mice at 3 months of age through intraperitoneal injection.
After their vital signs disappear, their brains were removed,
weighed, volume measured, and then fixed for staining.

Brain immunohistochemical staining
in R6/2 mice

For immunohistochemical staining, anesthetized R6/2 HD
and WT mice were cardiac perfused first with phosphate-
buffered saline containing 4% formaldehyde and then fixed
with 4% formaldehyde (EM grade). Brain specimens were
then embedded in paraffin, cut into sections (5 wm), and
placed on coated slides. By using the heat-induced epitope
retrieval method, sections were separately stained at room
temperature for 1 hour with antibodies of mutant hunting-
tin (Abcam Inc., Cambridge, MA, USA), BDNF (Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA), vascular
endothelial growth factor (VEGF) (Cell Signaling Technol-
ogy Inc., Danvers, MA, USA), and tumor necrosis factor-
alpha (TNF-o) (Cell Signaling Technology Inc.). Detection
was performed by incubation with biotinylated secondary
antibodies (Novolink™ polymer detection system 1), for
30 minutes at room temperature, followed by a 30-minute
incubation with avidin—biotin—horseradish peroxidase (HRP)
peroxidase complex (Novolink™ polymer detection system
1). Visualization was performed with DAB Chromogen
(Novolink™ polymer detection system 1) and counterstaining
with hematoxylin (Novolink™ polymer detection system 1)
following supplier’s protocol.

Western blotting in the brain of R6/2 mice
The removed brain tissue was kept in a buffer solution to
maintain pH for the preparation of Western blot analysis.
Thus, brain protein was subjected to sodium dodecyl sulfate—
polyacrylamide gel electrophoresis, and transferred to poly-
vinylidene difluoride membrane. This study uses antibodies
such as alpha-tubulin (Thermo Fisher Scientific Inc., Waltham,
MA, USA), beta-actin (Thermo Fisher Scientific Inc.), mutant
huntingtin (Abcam Inc.), BDNF (Santa Cruz Biotechnology
Inc.), VEGF (Cell Signaling Technology Inc.), and TNF-a
(Cell Signaling Technology Inc.). They were identified by
means of a horseradish peroxidase-linked secondary antibody.
In addition, utilizing ECL Western blotting detection reagents
(GE Healthcare Life Sciences, Barrington, IL, USA) makes
immunoreactive bands perceptible, and LAS-4000 (GE Health-
care Life Sciences) avails detection of the chemiluminescence.
Image] software (version 1.48t; Wayne Rasband, Washington
DC, USA) makes it possible to perform densitometric assess-
ments of the bands.
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Statistical analysis

The data of cell viability assay were obtained from at least six
independent experiments, each done in triplicate, while the data
of Western blot analysis were obtained from at least six indepen-
dent experiments. The values of all data were expressed as the
means * standard error of the mean. Differences between groups
were evaluated by one-way analysis of variance followed by
Student-Newman—Keuls multiple comparisons posttest. The
P-values of at least <0.05 were considered significant.

Results

Effect of B40| treatment on glutamate-
treated SH-SY5Y cells viability

Effect of B401 treatment on glutamate-treated SH-SYSY cells
viability is shown in Figure 1B. As detected by MTT method, glu-
tamate treatment in SH-SYSY cells caused a decrease in cell via-
bility. SH-SYS5Y cell viability was reduced approximately 35%
compared to untreated SH-SY5Y cells by exposure to 10 mM
glutamate. When the medium was cultured in the presence of
MK-801,an NMDA receptor antagonist, SH-SYSY cell viability
was significantly increased compared to glutamate-treated SH-
SYS5Y cells (P<<0.01). Consistent with the effect of MK-801,
SH-SYSY cell viability was significantly increased compared
to glutamate-treated SH-SYSY cells (P<<0.01-0.05) when the
medium was cultured in the presence of different concentrations
of the Chinese herbal formula B401 (10-30 mg/mL).

Effect of oral B40| treatment on survival,
body weight, and motor performance

of R6/2 HD mice

A total of 42 R6/2 HD mice (22 R6/2 HD mice with oral B401
treatment and 20 R6/2 HD mice with sham treatment) were

observed in this study. We compared the life span and body
weight of HD mice with and without oral B401 treatment.
Our results showed that survival was prolonged and the loss
of body weight was alleviated in R6/2 HD mice under B401
treatment (Figure 2). Survival duration of R6/2 HD mice with
oral B401 treatment was longer than those with sham treat-
ment (Figure 2A). R6/2 HD mice with sham treatment all died
at the end of 17 weeks of age (Figure 2A, solid circles), while
R6/2 HD mice with oral B401 treatment all died at the end of
22 weeks of age (Figure 2B, unfilled circles). Before 6 weeks
of'age, the R6/2 HD mice with oral B401 treatment exhibited
a normal survival number and an increase in body weight
similar to that observed in those R6/2 HD mice with sham
treatment (Figure 2B). After 8 weeks of age, body weight
of R6/2 HD mice with oral B401 treatment still increased
(Figure 2B, solid circles), while body weight of R6/2 HD
mice with sham treatment reduced than those R6/2 HD mice
with oral B401 treatment (Figure 2B, P<<0.01-0.05, unfilled
circles vs solid circles). In the process of breeding animals,
we also compared motor performance with and without oral
B401 treatment. By using rotarod testing, we observed that
the latencies to fall of R6/2 HD mice with oral B401 treatment
were significantly longer than those with sham treatment from
8 weeks of age and thereafter (Figure 2C, P<<0.01-0.05).

Effect of intraperitoneal B401I injection
on subcutaneous microcirculation

of R6/2 HD mice

The subcutaneous microcirculatory flows from dorsal and
ventral aspects in R6/2 HD mice with and without intrap-
eritoneal B401 injection are compared in Figure 3. By using
moorFLPI high-resolution laser Doppler imager, we observed

A B c
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Figure 2 Survival, loss of body weight, and motor function of R6/2 HD mice were improved under oral B40| treatment.

Notes: (A) Survival duration of R6/2 HD mice under oral B401| treatment was increased than those with sham treatment. (B) Body weight of R6/2 HD mice under oral B40|
treatment (HD mice oral B401, n=22) was significantly greater than those with sham treatment (HD mice sham, n=20) from 8 weeks of age and thereafter. (C) Latencies to fall of
R6/2 HD mice under oral B401 treatment (HD oral B401, n=16) were significantly increased than those with sham treatment (HD sham, n=15) from 8 weeks of age and thereafter
as observed by rotarod testing. Values are mean + SEM (**P<<0.01, *P<<0.05, one-way ANOVA followed by a Student—-Newman—Keuls multiple comparisons posttest).
Abbreviations: HD, Huntington’s disease; SEM, standard error of the mean; ANOVA, analysis of variance.
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Figure 3 Subcutaneous microcirculation of 3-month R6/2 mice was enhanced under IP B401 injection.

Notes: (A) Dorsal (a) and ventral (b) subcutaneous microcirculatory flow imaging before and after intraperitoneal B401 (100 mg/kg) injection by using moorFLPI laser
Doppler imager. (B) Dorsal and ventral subcutaneous microcirculatory flows of 3-month Ré/2 mice with intraperitoneal B40| injection (HD mice IP injection of B401, n=6)
were significantly increased than those with sham treatment (HD mice sham, n=6). Values are mean + SEM (**P<<0.01, one-way ANOVA followed by a Student—-Newman—

Keuls multiple comparisons posttest).

Abbreviations: AU, arbitrary perfusion units; HD, Huntington’s disease; IP, intraperitoneal; SEM, standard error of the mean; ANOVA, analysis of variance.

that dorsal and ventral subcutaneous microcirculatory flows
of 3-month R6/2 HD mice with intraperitoneal B401 injection
were increased than those with sham treatment (Figure 3A).
Then, we measured and compared subcutaneous microcir-
culatory flows of the dorsal and ventral aspects in 3-month
R6/2 HD mice. Our data showed that both subcutaneous
microcirculatory flows of the dorsal and ventral aspects of
3-month R6/2 HD mice with intraperitoneal B401 injection
were significantly greater than those R6/2 HD mice with
sham treatment (Figure 3B, P<<0.01).

Effect of B40| treatment on brain
atrophy of R6/2 HD mice

Concomitant to behavioral assessments, MRI was used to non-
invasively study brain structure. We observed visible atrophy
in the brain of 3-month R6/2 mice (Figure 4A). The MRI data
revealed that R6/2 mice develop progressive, region-specific,
and age-dependent brain atrophy, while the Chinese herbal
formula B401 might alleviate brain atrophy in R6/2 mice.
Interestingly, we also observed that volume and weight changes
of cerebrum in the brain of 3-month R6/2 mice were signifi-
cantly correlated with changes in midbrain and cerebellum but
not correlated with changes in the brainstem (Figure 4B). In
addition, brain atrophy of 3-month R6/2 mice was alleviated
under oral B401 treatment because both volume and weight of
cerebrum, midbrain, and cerebellum in 3-month R6/2 HD mice
with oral B401 treatment were significantly greater than those
R6/2 HD mice with sham treatment (Figure 4B, P<<0.05).

Effect of oral B40| treatment on mutant
huntingtin aggregation in the brain
of R6/2 HD mice

The deposition of mutant huntingtin is a neuropathologi-
cal hallmark of HD.?' We have evaluated the levels of the
mutant huntingtin in cerebral cortex, striatum, hippocampus,
and medulla from WT littermates and 2-month R6/2 mice
treated with vehicle or B401. We aimed at determining
whether mutant huntingtin level in the brain was reduced
after oral treatment with B401 in 2-month R6/2 HD mice.
As shown in Figure 5A, our immunohistochemical stain-
ing study revealed that the expression levels of mutant
huntingtin in the cortex, striatum, and hippocampus were
visibly increased in saline-treated R6/2 HD mice (HD, sham)
compared to the WT, and that oral B401 treatment visibly
reduces mutant huntingtin levels in the cortex, striatum,
and hippocampus of R6/2 HD mice (HD, B401). Moreover,
we observed increased levels of mutant huntingtin not only
in the striatal neurons but also in the cortical neurons of
saline-treated R6/2 HD mice (Figure SA). The results were
confirmed by Western blotting (Figure 5B). We observed
that expression levels of mutant huntingtin in whole brain
tissue of saline-treated R6/2 HD mice were significantly
increased compared to their WT (Figure 5B, HD sham,
P<0.01 vs WT), while expression levels of mutant hun-
tingtin in brain tissue were significantly reduced in R6/2
HD mice under oral B401 treatment (Figure 5B, HD sham,
P<0.01 vs HD B401).
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Figure 4 Brain atrophy of 3-month R6/2 mice was alleviated under oral B40| treatment.

Notes: (A) Magnetic resonance images corresponding to the brain at different cross- and longitudinal-section in 3-month R6/2 mice with oral B40| treatment (a—d) is
less than those with sham treatment (e-h). (B) The volume (a) and weight (b) of the cerebrum, midbrain, and cerebellum in 3-month Ré/2 mice with oral B401| treatment
(HD mice oral B401, n=6) are significantly greater than those with sham treatment (HD mice sham, n=6). Values are mean = SEM (*P<<0.05, one-way ANOVA followed by

a Student—Newman—Keuls multiple comparisons posttest).

Abbreviations: HD, Huntington’s disease; SEM, standard error of the mean; ANOVA, analysis of variance.

Effect of oral B40| treatment on BDNF

and VEGF expressions in the brain
of R6/2 HD mice

The neurotrophic hypothesis of HD proposes that impaired
production of BDNF, a neurotrophin of growth factors,
contributes to degeneration of neurons in the striatum.?
We have evaluated the expression levels of the BDNF in
cerebral cortex, striatum, hippocampus, and medulla from
WT and R6/2 HD mice treated with vehicle or B401. As
shown in Figure 6A, our immunohistochemical staining
study revealed that the BDNF expression levels in the cor-
tex, striatum, and hippocampus of sham-treated R6/2 HD
mice (HD, sham) were visibly decreased than their WT but
were visibly increased in R6/2 mice under oral B401 treat-
ment (HD, B401). We quantified the expression levels of
BDNF by Western blotting analysis as shown in Figure 6B.
The expression levels of BDNF in the brain tissue of
2-month R6/2 mice were significantly weaker than those
of their WT (Figure 6B, HD sham, P<<0.01 vs WT) but
were significantly enhanced in the brain tissue of R6/2 mice
under oral B401 treatment (Figure 6B, HD B401, P<<0.01
vs HD sham).

In the brain, VEGF also plays a crucial role in neuropro-
tective and angiogenic effects.* From immunohistochemical
staining, we found that oral B401 treatment visibly enhanced
expressions of VEGF in the cortex, striatum, and hippocampus
of 2-month R6/2 mice (Figure 7A). By Western blotting analysis,
we found that the expression levels of VEGF in the brain tissue
of 2-month R6/2 mice were significantly weaker than those of
their WT (Figure 7B, HD sham, P<<0.01 vs WT) but were sig-
nificantly enhanced in the brain tissue of R6/2 mice under oral
B401 treatment (Figure 7B, HD sham, P<<0.01 vs HD B401).

Effect of oral B40| treatment on TNF-o

expression in the brain of R6/2 HD mice

As suggested in previous studies, inflammation is believed
to be intimately involved in the pathogenesis and progres-
sion of neurologic diseases.?* Thus, we examined whether
the Chinese herbal formula B401 alleviates inflammation in
the brain of R6/2 mice. In this study, TNF-a is a key marker
for inflammation.”® By immunohistochemical staining, we
observed that the expressions of TNF-o in the cortex, stria-
tum, and hippocampus of 2-month R6/2 mice were reduced
under oral B401 treatment (Figure 8A). By Western blotting
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Figure 5 Mutant huntingtin aggregation in the brain tissue of 2-month R6/2 mice was downregulated under oral B40| treatment.

Notes: (A) Immunohistochemical staining illustrates the expression levels of mutant huntingtin in the cortex, striatum, and hippocampus of 2-month R6/2 mice and their
WT. Expression levels of mutant huntingtin in the brain tissue of 2-month R6é/2 mice were visibly reduced under oral B40| treatment. The width X height of each figure is
150 um x100 um. (B) Western blotting analysis shows the following: (a) expression levels of aggregation of mutant huntingtin in whole brain tissue of 2-month Ré/2 mice
with oral B40| and sham treatments, and their WT and (b) quantified huntingtin levels in brain tissue of 2-month Ré/2 mice (HD sham, n=6) were significantly increased than
their WT (n=6), and were significantly reduced under oral B40| treatment (HD B40I, n=6). Values are mean £ SEM (¥P<<0.05, **P<<0.01, one-way ANOVA followed by a

Student—-Newman—Keuls multiple comparisons posttest).

Abbreviations: WT, wild type; HD, Huntington’s disease; SEM, standard error of the mean; ANOVA, analysis of variance.

analysis, we found that the expression levels of TNF-a in
the brain tissue of 2-month R6/2 mice were significantly
increased than those of their WT (Figure 8B, HD sham,
P<0.01 vs WT) but were significantly reduced in the brain
tissue of R6/2 mice under oral B401 treatment (Figure 8B,
HD B401, P<<0.01 vs HD sham).

Discussion
In this study, we evaluated the effects of the Chinese
herbal formula B401 in glutamate-treated SH-SYSY cells

in vitro and R6/2 HD mouse model in vivo. In the in vitro
experiments, we found that glutamate-treated SH-SY5Y cells
viability was increased under pretreatment with the Chinese
herbal formula B401 (Figure 1B). In the in vivo experi-
ments, we found that life span was increased (Figure 2A),
body weight loss was alleviated (Figure 2B), motor abil-
ity was enhanced (Figure 2C), and brain atrophy was
alleviated (Figure 4) in R6/2 HD mice under oral B401
treatment. Subcutaneous microcirculatory blood flow was
improved under intraperitoneal B401 injection (Figure 3).
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Figure 6 BDNF levels in the brain tissue of 2-month R6/2 mice were upregulated under oral B40| treatment.

Notes: (A) Immunohistochemical staining illustrates expression levels of BDNF in the cortex, striatum, and hippocampus of 2-month Ré/2 mice and their WT. Expression
levels of BDNF in the brain tissue of 2-month R6/2 mice were visibly enhanced under oral B401 treatment. The width x height of each figure is 150 um x100 um. (B) Western
blotting analysis shows the following: (a) expression levels of BDNF in whole brain tissue of 2-month Ré6/2 mice and their WT and (b) quantified brain BDNF levels of 2-month
R6/2 mice (HD sham, n=6) were significantly reduced than their WT (n=6), and were significantly increased under oral B40| treatment (HD B401, n=6). Values are mean +
SEM (*P<<0.05, **P<<0.01, one-way ANOVA followed by a Student-Newman—Keuls multiple comparisons posttest).

Abbreviations: WT, wild type; HD, Huntington’s disease; BDNF, brain-derived neurotrophic factor; SEM, standard error of the mean; ANOVA, analysis of variance.

Further immunohistochemical staining and Western blotting
analysis show that mutant huntingtin aggregation and TNF-o.
expression, a marker of inflammation, were reduced in R6/2
HD mice under oral B401 treatment (Figures 5 and 8). In
addition, BDNF and VEGF expressions were enhanced in
brain tissue of R6/2 HD mice under oral B401 treatment
(Figures 6 and 7).

The chromatographic fingerprint analysis of the Chinese
herbal formula B401 is demonstrated in Figure 1A. The
marker compounds of the Chinese herbal formula B401 are

ginsenosides from P. ginseng, oleanolic acid from L. fructus,
formononetin from A. membranaceus, 5-hydroxymethyl-
furfural from R. glutinosa, ferulic acid from L. fructus, and
wedelolactone from Eclipta prostrata. As for traditional
Chinese medicine, to understand the limited value of these
single herbs is necessary for us. We must know that none of
these herbs have much therapeutic value. If we use any of
them alone, we may encounter problems. That is why tra-
ditional Chinese medicine is all about using herbs together.
Many synthetic drugs have poor patient compliance because
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Figure 7 VEGF levels in the brain tissue of 2-month R6/2 mice were upregulated under oral B401| treatment.

Notes: (A) Immunohistochemical staining illustrates expression levels of VEGF in the cortex, striatum, and hippocampus of 2-month R6/2 mice and their WT. Expression
levels of VEGF in the brain tissue of 2-month R6/2 mice were visibly enhanced under oral B401 treatment. The width x height of each figure is 150 jtm x100 um. (B) Western
blotting analysis shows the following: (a) expression levels of VEGF in whole brain tissue of 2-month R6/2 mice and their WT and (b) quantified brain VEGF levels of 2-month
R6/2 mice (HD sham, n=6) were significantly reduced than their WT (n=6), and were significantly increased under oral B40| treatment (HD B401, n=6). Values are mean +
SEM (*P<<0.05, **P<<0.01, one-way ANOVA followed by a Student-Newman—Keuls multiple comparisons posttest).

Abbreviations: WT, wild type; HD, Huntington’s disease; VEGF, vascular endothelial growth factor; SEM, standard error of the mean; ANOVA, analysis of variance.

of many unwanted but unavoidable side effects. Therefore,
herbal treatment is being preferred over conventional treat-
ments. As suggested in previous studies, there is much atten-
tion toward herbal remedy of many brain disorders such as
AD, PD, and HD.!'-*

Mutant huntingtin inclusions correlate with the HD pro-
gression in a mouse model.? In the same study, it is shown
that the reduction of huntingtin aggregation may mitigate
behavioral and cognitive deficits. Therefore, therapeutic that
reduces huntingtin aggregate formation or inactivates mutant

huntingtin protein might be beneficial for HD progression.
Our immunohistochemical evidence showed that expres-
sion levels of mutant huntingtin aggregation in the cortex,
striatum, and hippocampus of R6/2 HD mice were obviously
weaker than their WT (Figure 5A). Also, evidence from
Western blotting analysis showed that expression levels of
mutant huntingtin in the brain of R6/2 HD mice were sig-
nificantly increased than their WT (Figure 5B). Expression
levels of mutant huntingtin were significantly reduced in the
brain tissue of R6/2 HD mice under oral B401 treatment.
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Figure 8 TNF-a levels in the brain tissue of 2-month Ré/2 mice were downregulated under oral B40| treatment.

Notes: (A) Immunohistochemical staining illustrates expression levels of TNF-o. in the cortex, striatum, and hippocampus of 2-month R6/2 mice and their WT. Expression
levels of TNF-ot in the brain tissue of 2-month R6/2 mice were visibly reduced under oral B401 treatment. (B) Western blotting analysis shows the following: (a) expression
levels of aggregation of TNF-o. in whole brain tissue of 2-month R6/2 mice with oral B40| and sham treatments, and their WT and (b) quantified brain TNF-o. levels of
2-month Ré/2 mice (HD sham, n=6) were significantly increased than their WT (n=6), and significantly reduced under oral B40| treatment (HD B40l, n=6). Values are
mean + SEM (*¥P<<0.01, one-way ANOVA followed by a Student—-Newman—Keuls multiple comparisons posttest).

Abbreviations: WT, wild type; HD, Huntington’s disease; TNF-0, tumor necrosis factor-alpha; SEM, standard error of the mean; ANOVA, analysis of variance.

It is therefore possible that Chinese herbal formula B401
could reduce mutant huntingtin aggregation and promote
the clearance of huntingtin toxic fragments.

Several evidences have indicated that excitotoxicity
contributes to neuronal death in HD.?%?" Electrophysiologi-
cal evidence documented increased glutamate release from
cortical afferents in HD mice and increased excitotoxicity.?
The evidence described above documents that huntingtin
aggregation may increase NMDA receptor sensitivity to
NMDA and enhance NMDA-evoked currents in brain of
HD mice. Thus, cortical hyperexcitability might be a major
pathology in HD. Another neurochemical evidence suggests
that the deficit of connectivity between the cortex and stria-
tum may play an important role in the excitotoxic process

and contribute to the HD phenotype.?-** The MK-801 is an
NMDA receptor antagonist that has effective neuroprotection
in excitotoxic neurodegeneration.*'* In this study, we evalu-
ated the effect of B401 on neurotoxicity in glutamate-treated
SH-SYS5Y neuroblastoma cell lines. Our results demonstrated
that glutamate-induced neurotoxicity in SH-SYSY cells was
reduced under pretreatment with MK-801 and the Chinese
herbal formula B401 individually (Figure 1B).

In the later stages, HD is characterized by motor dys-
function, progressive dementia, and memory loss.?* Life-
threatening complications may result from injuries related to
serious falls, poor circulation, infection, and inflammation.
We further take advantage of the Chinese herbal formula
B401 to test potential therapeutic treatment strategies of R6/2
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HD mice. Multiple parameters likely govern life span of R6/2
HD mice including peripheral effects such as weight loss and
muscle atrophy, and central effects such as brain atrophy.
In this study, we observed that the body weight of R6/2 HD
mice was significantly reduced from 2 months and there-
after, while R6/2 HD mice under oral B401 treatment still
kept normal body weight until 3 months of age (Figure 2B).
In addition to benefits in life span and body weight, motor
function of R6/2 HD mice under oral B401 treatment was
improved as observed by rotarod testing (Figure 2C). Similar
to our observation, it has been reported that some traditional
Chinese herbs may relieve some of the HD symptoms such
as rigidity and dystonia."

The pathology of HD brain is notably specific with promi-
nent cell loss and atrophy in the caudate and putamen.** In
the later stages, HD causes atrophy of the striatum and up to
95% neuronal loss.?® By using MRI morphometric analysis,
we observed that the volume and weight of cerebrum, mid-
brain, and cerebellum of 3-month R6/2 mice were signifi-
cantly decreased than their WT. Consistent with our study,
previously neurologists have confirmed that HD patients had
significant volume reductions in almost all brain structures,
specifically in the cortex.’ In this study, we also observed
that brain atrophy of 3-month R6/2 mice was significantly
alleviated under oral B401 treatment (Figure 4, P<<0.05).
As suggested from previous study, BDNF in the cerebral
cortex plays a role in striatal and cortical vulnerability of
HD.*” Mutant huntingtin may affect BDNF transcription by
regulating the activity of cAMP response element-binding
protein (CREB), the BDNF promoter.*® In addition, BDNF
treatment may delay motor impairment in R6/2 HD mice
because these mice exhibited a significant slowing in latency
to fall from rotarod test.’” In our study, expressions of BDNF
in the cortex, striatum, and hippocampus of R6/2 HD mice
were obviously weaker than their WT (Figure 6) but signifi-
cantly enhanced in R6/2 HD mice under oral B401 treatment.
It is possible that neuroprotection of Chinese herbal formula

Neuroprotection

om > @D -
S

B401 in HD brain might be via reducing mutant huntingtin
aggregation and enhancing brain BDNF expression.

Besides neurological disease, cardiac failure may induce
death in HD patients.*" In this study, we observed that sub-
cutaneous microcirculatory flows were very poor in 3-month
R6/2 HD mice (Figure 3A). The Chinese herbal formula B401
contains ingredients that could increase the quantity and
stimulate the flow of breath and blood. By using moorFLPI
high-resolution laser Doppler imager, we observed that dorsal
and ventral subcutaneous blood flows of R6/2 HD mice were
enhanced under intraperitoneal B401 injection (Figure 4A).
In addition, we found that VEGF expressions in brain tissue
of R6/2 HD mice were significantly increased under oral
B401 treatment (Figure 7). The overexpression of VEGF
may be used for the treatment of myocardial and peripheral
ischemia,*'*? and for the treatment of AD and PD.**** Simi-
larly, it is possible that neuroprotection of Chinese herbal
formula B401 in HD brain might be via enhancing VEGF
expression and strengthening cardiovascular function.

It has been reported that postmortem human HD tissue has
a distinct profile of inflammatory mediators.* In the study, it
was observed that TNF-o was upregulated in the striatum of
HD patients. Thus, the inflammatory mediators detected in
the striatum might be a sign of the HD pathology. Evidence
from our immunohistochemical and Western blotting analysis
showed that expression levels of TNF-o in the brain of R6/2
HD mice were significantly increased than their WT but were
significantly decreased in R6/2 HD mice under oral B401 treat-
ment (Figure 8). Thus, we suggested that the Chinese herbal
formula B401 might be a valuable therapeutic approach for
HD medical treatment via inhibiting neuroinflammation.

Conclusion

HD is characterized by slow and progressive loss of neurons
in the striatum of the central nervous system. As summarized
in Figure 9, we have suggested that B401 treatment could
downregulate mutant huntingtin aggregation in the brain

P4 Inflammation ~a
\ Excitotoxicity /

Neurodegeneration

Figure 9 Schematic diagram illustrates that R6/2 HD mice under B40| treatment may improve neuroprotection via enhancing brain BDNF and VEGF gene expressions, and
alleviate neurodegeneration via reducing mutant huntingtin (mHTT) aggregation, TNF-o. gene expression (a marker of inflammation), and glutamate-induced excitotoxicity

in the brain.

Abbreviations: BDNF, brain-derived neurotrophic factor; VEGF, vascular endothelial growth factor; TNF-, tumor necrosis factor-alpha; HD, Huntington’s disease.
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of R6/2 HD mice. Downregulation of mutant huntingtin
aggregation may reduce excitotoxic neurodegeneration and
alleviate inflammation via reducing TNF-o. expression in the
brain of R6/2 HD mice. On the other hand, B401 treatment
could protect brain via enhancing BDNF and VEGF expres-
sion in the brain of R6/2 HD mice. To sum up our study,
we suggest that the herbal formula B401 can be used as a
potential medical supplement in ameliorating neurodegenera-
tive diseases of HD.
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