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ABSTRACT

Salvia miltiorrhiza is a highly valued plant of traditional
Asian medicine. The previous studies have reported that the active
components of radix Salvia miltiorrhiza (RSM) have multiple
potentials related to Alzheimer’s disease. However, the influence of
RSM ethanol extract (ETE) in the mouse model of learning and
memory impairment and in vitro cytotoxicity has not been studied
extensively. This study was designed to investigate the effects and
mechanism of Vietnamese RSM ethanol extract against amyloid
betass.ss (AP2s.35)-induced the learning and memory impairment in
vivo and toxicity examined on NG108-15 cells. Our results showed
that ETE at doses of 400, 600 and 1200 mg/kg significantly
attenuated impairment of spatial memory in the Y-maze test.
However, the improving long-term memory effect in the passive
avoidance test was only observed at doses of 600 and 1200 mg/kg.
Furthermore, these two doses of ETE also prevented the increase
of malondialdehyde (MDA) levels in brain tissue homogenates in
mice. In vitro, the treatment at 2.0 pg/ml of ETE inhibited the
AP2s.as-induced cytotoxicity. This is the first study to indicate
that ETE has the protective potential against AP2s.3s-induced
neurotoxicity by regulating oxidative stress in the brain of mice.
These results suggest that Salvia miltiorrhiza may be a promising
candidate for the treatment of Alzheimer's disease.

1. INTRODUCTION

Alzheimer's disease (AD) is the most common progressive
neurodegenerative disorder!. It is characterized by the gradual
degeneration and loss of neurons in the brain, which correlate with
the accumulation of extracellular plaques of amyloid-p peptide (Ap)
aggregates and intracellular neurofibrillary tangles. AB, the major
component of senile plaques, could have a causal role in the
development and progress of AD? ABzs ss fragment, the biologically
active region of AP protein disturbed the cellular integrity and
function®. The toxicity of AB2s ss injection in rodents induced
memory deficits, oxidative stress. Additionally, previous studies
showed that AB2s-3s accumulation was associated with cellular
toxicity. Thus, AB2s_ss is a useful tool for establishing AD models and
investigating the mechanisms involved in AD pathogenesis®.

The pharmacological treatment used to improve the
cognitive functions of patients includes two types of drugs, the
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acetylcholinesterase inhibitors and the NMDA
receptor antagonist. Both types of drugs cannot
stop progressive neuritic dystrophy, thus limiting
their clinical efficacy®. Therefore, alternative
agents to treat AD are necessary. Many herbal
treatments have been demonstrated beneficial
effects in different AD-related models as well as
in clinical trials®.

Salvia miltiorrhiza is a well-known
medicinal plant in the Lamiaceae family
for the treatment of cardiovascular and
cerebrovascular diseases in traditional Asian
medicine’. The previous studies have indicated
its potential therapeutics in the treatment of
neurodegenerative disorders. Chemically, the
active constituents of RSM can be classified into
two groups. The lipid-soluble components are
mainly tanshinones such as tanshinone I,
tanshinone IIA, dihydrotanshinone | and
cryptotanshinone, which belong to a group of
diterpenes. The water-soluble parts are phenolic
compounds consisting of salvianolic acid B,
danshensu, protocatechuic aldehyde. Tanshinone
IA and salvianolic acid B were selected as
major markers to check the quality of RSM?8®,
Recently, researchers have addressed that these
components have multiple neuroprotective
potentials that are relevant to AD such as anti-
AP, antioxidant®. However, these studies focused
on the assessment of the activity of individual
chemical compounds rather than the crude
extracts of RSM. In particular, it has not yet been
established whether ethanol extract can improve
toxicity induced by AP2s_ss.

The main aim of this study was to
assess the effects of Vietnamese RSM ethanol
extract on the learning and memory impairment
induced by i.c.v. injection of AB2s_3s in Vivo.
To examine its mechanisms mediated
neuroprotection, we measured the levels of
malondialdehyde (MDA) in the brain tissue
homogenate in the injection of Ap2s ss-induced
mouse model and AP.s ss-treated NG108-15
cell cytotoxicity.

2. MATERIALS AND METHODS
2.1. Materials

2.1.1. Plant material

RSM was collected in December 2017
from Tan Lap, Moc Chau district, Son La
province, Vietnam. It was authenticated by Prof.
Loc Phan Ke, Faculty of Biology, Hanoi National
University. The voucher specimen (No HNU
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022613) has been deposited at the herbarium of
National University of Hanoi, Vietnam.

2.1.2. Preparation of RSM ethanol extract

The dried powder of RSM (9 kg) was
extracted with 50 liters of absolute ethanol by the
percolation method. After 10 days, the extract
was collected with a flow of 1.5 liters per hour
and the volume of solvent equivalent to that of
extract collected was added until the extract was
light in color. Then, the extract was filtered and
evaporated by using a rotary evaporator under
reduced pressure and freeze-dried to obtain ETE
(1312.9 g).

2.1.3. High performance liquid chromatography
(HPLC) analysis of ETE

The contents of main components
including tanshinone I1A and salvianolic acid B
were measured by HPLC. The separation was
carried out in triplicate in a C-18 column (5um,
4.6 x 250 mm). ETE was dissolved in absolute
methanol to measure tanshinone 1A or in 75%
methanol (v/v) to measure salvianolic acid B.
Tanshinone 1lA and salvianolic acid B (53.2
pg/ml and 499 pg/ml in methanol, respectively)
were used as reference standard for the HPLC
analysis of ETE according to Vietnamese
Pharmacopoeia®®. The contents of tanshinone I1A
and salvianolic acid B in ETE were calculated
from relevant peak areas with the external
standard method.

2.2. Chemicals

APy s fragment A4559, tetramethoxypropane,
thiobarbituric acid, [3-(4,5-dimethylthiazol-2,5-
diphenyltetrazolium bromide] (MTT), donepezil,
chloral hydrate were purchased from Sigma Aldrich.

Solvents for extraction and fractionation
were of industrial grade purchased from a
licensed chemical company in Hanoi, Vietnam.

2.3. Animals

Male Swiss mice (7-8 weeks old,
weighing 32 + 2 g) were provided by the National
Institute of Hygiene and Epidemiology (Hanoi,
Vietnam). Animals were used and processed
according to the suggested ethical guidelines
for the National Institutes of Health Guide for
the Care and Use of Laboratory Animals. They
were housed in a controlled room (25 + 2°C;
humidity of 55-60%) under a reversed 12/12
hours light/dark cycles (light on at 8:00 p.m.).
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2.4. Cell culture

NG108-15 neuroblastoma X glioma cells
were supported by Associate Professor Michihisa
Tohda, Sugitani Campus, University of Toyama,
Japan. Cells were routinely cultured in a mixture of
Dulbecco's modified Eagle's medium (DMEM)
containing 4% fetal bovine serum, 100 UM
hypoxanthine, 1 uM aminopterin, 16 uM thymidine
and 1 pg/ml minomycin under a humidified
atmosphere of 5% CO; - 95% air at 37°C. Cells were
seeded into 96-well microplates at a density of 8 x
102 cells per well. All experiments were carried out
24 hours after the cells were seeded.

2.5. In vivo experiments

2.5.1. Experimental protocol

Mice were randomly divided into 6
groups (11 animals/group). Control (I); AP2s-3s
(I1); ABzs-35 + Smg/kg Donepezil (IIT); APzs-ss +
400 mg/kg ethanol extract (IV); AP2s.3s + 600
mg/kg ethanol extract (V); AB2s.3s + 1200 mg/kg
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ethanol extract (VI1). Mice in the control and
AP2s3s group were administrated sodium
carboxymethylcellulose 5% (NaCMC). Animals
in the remaining groups were treated with ETE at
the doses of 400, 600 and 1200 mg/kg or
donepezil (DNZ) at 5 mg/kg. On the fourteenth day,
mice were i.c.v. injected with sterile water or Azs.s.
In there, ABgs-35 was dissolved in sterile
bidistilled water at a concentration of 1 mM
and incubated for 4 days at 37°C to cause
peptide aggregation before using. Mice were
anesthetized with 3.5% chloral hydrate before
placed in a stereotaxic instrument and implanted
with a 28-G stainless-steel needle into the right
lateral ventricular (0.2 mm posterior, 1.0 mm
lateral and 2.5 mm ventral to bregma) based on
the mouse brain atlas*!. After that, a volume of 9
ul aggregated APasas (equivalent to 9 nmol per
mouse) was given into the mouse brain through
i.c.v. injection by a micro-probe as previously
described*!2, Mice in the control group were
received an equal volume of vehicle. The
Experimental schedule is detailed in Figure 1.

Daily administration of vehicle/ donepezil (5 mg/kg)/
ETE (400, 600, 1200 mg/kg)
1

Incubation of ABys 45

0 10 14

0

sterile water/AB,s 45
(i.c.v)

Day
} } }
21 24 25
Y-maze Passive
avoidance

Figure 1. Experimental schedule.

2.5.2. Behavioral examination

The Y-maze is used as a measure of
immediate spatial working memory, a form of
short-term memory*. Each mouse was placed at
the end of one arm in a Y-maze and allowed to
explore freely through the maze during a single
8-min session 7 days after Afzs.3s peptide or
sterile water injection. The percentage of
alternation was calculated according to the
following equation. Alternation (%) = [(number of
perfect alternations)/(total arm entries - 2)] x 100.

The passive avoidance test was carried
out in identical illuminated and non-illuminated
boxes separated by a guillotine door, as previously
described®. For the acquisition phase, mice were
initially placed in the illuminated compartment;
the door between the two compartments was
opened 30 s later. When the mice entered the
non-illuminated compartment, an electrical foot

shock (0.30 mA) for 3 s was delivered through
the stainless steel rods. 24 Hours after the
acquisition phase, the test phase was implemented
similarly, but without giving the aversive stimulus
to measure the latency time (latency to enter the
dark compartment). The maximum latency time
was 300 s.

2.5.3. Measurement of lipid peroxidation level
MDA, a marker of lipid peroxidation,
was evaluated by using the thiobarbituric acid
reaction (TBAR) method as described by
Wasowicz4. The tissues containing hippocampus
and cortex were homogenized in ice-cold
phosphate buffer. The homogenate was centrifuged
at 10,000 rpm and 0°C in 15 minutes, and the
supernatant was used to determine MDA
levels. 1ml TBAR reagent was added to a 150
pl aliquot of test supernatant and heated for 60
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minutes at 100°C. The formed colored adduct
was extracted by n-butanol and then measured
spectrophotometrically at 532 nm. The result
was expressed as MDA equivalent (nmol
MDA/g tissue), using freshly prepared
tetramethoxypropane as standard.

2.6. In vitro experiments

AP2s-35 was incubated at 37°C for 48
hours before using and directly added to the
cultured medium to achieve a final concentration
of 20 uM. The extract was dissolved in
dimethylsulfoxide with a concentration of 100
mg/ml and diluted to different concentrations. To
assess the neuroprotective effect of ethanol
extract, cells were pre-treated with the samples for
2 hours and then exposed to APzs.35 for 48 hours.

Cell viability was determined by [3-(4,5-
dimethylthiazol-2,5-diphenyltetrazolium bromide]
(MTT) assay®. The assay based on the ability of a
mitochondria dehydrogenase enzyme from viable
cells to cleave the tetrazolium rings of the pale
yellow MTT and form dark blue formazan crystals.
After 48 hours of incubation period with ABas3s,
MTT was added to each well and incubated for 4
hours at 37°C. At the end of treatment, the medium
was removed, 100 pl of dimethyl sulfoxide was
added to each well to dissolve crystals. The color
was quantified by using an ELISA reader at 490
nm. The optical density of formazan indicated
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100% viability in the control cells.
2.7. Statistical analysis

All data were calculated using Excel
(Microsoft, USA), SPSS 20.0 program. The data
on alternation percentages, biochemical and
in vitro tests are expressed as mean + SEM.
Two-group comparisons were made using the
Student’s t-test. When compared more than
two groups, data were analyzed using one-way
ANOVA followed by LSD or Dunnett’s T3 post
hoc. The latency times in the passive avoidance
test are expressed as median (interquartile range)
because the upper cut off time was set. They were
analyzed using a Kruskal-Wallis nonparametric
ANOVA and followed by the Dunn’s multiple
comparison test. The level of statistical
significance was p < 0.05.

3. RESULTS

3.1. Determination of the chemical components
from ETE

HPLC analysis of RSM ethanol extract
confirmed the dominant presence of tanshinone 1A
and salvianolic acid B in the ETE samples. Using
the external standard method, our HPLC analysis
showed that ETE contained 3.10% tanshinone 1A
and 11.63% salvianolic acid B (Figure 2).
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Figure 2. HPLC analysis of tanshinone 11A and salvianolic acid B in ETE.
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3.2. Effects of ETE against the Ap2s.3s-induced
the learning and memory impairment

The neuroprotective effects of ETE
through the behavioral parameters recorded in
the Y-maze and passive avoidance tests in Figure
3. Mice were orally treated with the extract (400,
600 or 1200 mg/kg), donepezil (5 mg/kg) or
vehicle once daily for 25 consecutive days.

The Y-maze test was examined 7 days
after i.c.v. injection of AP2s.3s. The mean
spontaneous alternation in the AP2s.35 group was
51.09 + 1.35%, while that in the control group
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was 70.21 £ 1.32%. The results showed that
APa2s-35 exposure decreased (around 27%) this
parameter, compared with the control group
(p <0.001). Mice treated with ETE (400, 600 and
1200 mg/kg) had higher spontaneous alternations
(around 22, 34 and 28%, respectively) than
mice in the AP2s.35 group (p < 0.001). Donepezil,
a standard anti-Alzheimer drug also significantly
increased spontaneous alternation by around 33%
compared with the AP2s.35 group (p < 0.001).
Locomotion activity, estimated by the number
of arm entries was similar in all experimental
groups (Figure 3A, B).
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Figure 3. Effects of ETE on the learning and memory impairment induced by AB2s-35. (A) spontaneous alternation, (B) number
of arm entries in the Y-maze and (C) latency time in the passive avoidance test. The data are represented in (A, B)
as mean + S.E.M and in (C) as median (interquartile range 25-75%). ##p < 0.001 versus NaCMC-treated, distilled
water-injected mice; "p < 0.01, *™p < 0.001 versus NaCMC-treated, AB2s-3s-injected mice. N = 11 per group.

In the test phase of the passive
avoidance task, injection of Afa2s.35
significantly decreased in latency time
(around 86%) compared with the control group
(p < 0.001). In comparison with the AP2s.35
group, ETE significantly prevented this
reduction (around 297 and 224% with p = 0.006
and 0.007, respectively) with the doses of 600
and 1200 mg/kg, but ETE at the dose of 400
mg/kg did not significantly affect the latency
time (p = 0.181). In addition, this parameter
in the donepezil group also showed a 143%

increase compared with the AP2s.3s group
(p = 0.001) (Figure 3C).

The results of behavioral tests demonstrated
that, following oral administration, ETE at the
doses of 600 and 1200 mg/kg was able to improve
learning and memory impairment both in Y maze
and passive avoidance tests. However, ETE at
the dose of 400 mg/kg only could significantly
increase the spontaneous alternations in the Y
maze test. Therefore, the ETE doses of 600 and
1200 mg/kg were used for in vivo experiments
investigated the mechanism of the samples.

235




T.L. Tran et al.

3.3. Effects of ETE on MDA levels in the brain
tissue homogenates

Figure 4 illustrates the effects of samples
on the levels of MDA in the tissue containing
hippocampus and cortex 14 days after the APB2s-ss
injection. The mean level of MDA in AP2sss
group was 13.51 + 0.35 nmol/g tissue, while that
in the control group was 6.89 + 0.33 nmol/g

Pharm Sci Asia 2021; 48(3), 231-238

tissue. It showed that APs.35 increased by around
96% MDA level significantly (p < 0.001). In
comparison with the AB2s35 group, both doses of
ETE significantly prevented the increase of
MDA levels (around 22 and 19% and p < 0.001).
The decreased parameter were also recorded in
the brain tissues of mice treated with donepezil
(around 17% and p < 0.001) compared to that of
mice in the AP2s.35 group.
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Figure 4. Effects of ETE on ABzs-3s-induced in MDA levels. Data are represented as mean = S.E.M. #p < 0.001 versus NaCMC-

hkk

treated, distilled water-injected mice;

3.4. Effects of ETE against Aps.3s-induced
cytotoxicity

Prior to the assessment of the
neuroprotective effect of ETE, its direct effect
on the cell viability of NG108-15 cells was
executed. The cell viability was determined
following incubating cells with various
concentrations (0.5 - 10 pg/ml) of the extract in
the cultured medium for 48 h. The results as
shown in Figure 5A demonstrated that cell
survival was decreased in the presence of high

p < 0.001 versus NaCMC-treated, Apzs-3s-injected mice. N = 11 per group.

concentrations of samples. The concentrations at
0.5; 1.0 and 2.0 pg/ml of ETE did not affect or
only slightly decreased cell viability. Therefore, these
concentrations were used for later experiments.
The neuroprotective activity of ETE at
different concentrations was evaluated by the
viability of cells injured with Afzs3s in the
presence of the sample 2h prior to the peptide
incubation (Figure 5B). The survival rate of cells
decreased to 49.38% after the incubation with 20
UM of Aas.3s for 48 h (p < 0.001). Pre-treatment
with ETE attenuated the A2s-3s-induced decrease
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Figure 5. Effect of ETE on AB2s-3s-induced cytotoxicity in NG108-15 cells. (A) cells were incubated with varying
concentrations; (B) Cells were pretreated with different concentrations of the extract for 2 h and then incubated
with or without ABzs-35 for an additional 48h. The data are represented as mean + S.E.M of three different
experiments. ##p < 0.001 versus control; *p < 0.01 versus APzs.ss-treated cells.
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in cell viability. However, cell viability at the
ETE concentration of 2.0 pg/ml significantly
increased 38.09% (p = 0.002).

4. DISCUSSION

Our study evaluated whether the
subchronic administration of ethanol extract
(400, 600, 1200 mg/kg) of radix Salvia
miltiorrhiza could improve Ap2s-3s-induced
toxicity in vitro and in vivo. We found that
ETE at the doses of 600 and 1200 mg/kg
prevented A2s-3s-induced impairments of the
spontaneous alternation in Y-maze test and the
latency time in passive avoidance test, but the
dose of 400 mg/kg only able to improve the
spontaneous alternation in Y-maze test. In
addition, the oral administration of ETE at 600
and 1200 mg/kg doses could decrease the
accumulation of MDA in the brain tissue
homogenate containing the hippocampus and
cortex as well as the treatment at 2.0 pg/ml of
ETE inhibited A2s.3s-induced cell death. To
our knowledge, this is the first study to indicate
that ETE has the protective potential against
AP2s-3s-induced neurotoxicity by regulating
oxidative stress in the brain of mice.

Alzheimer’s disease is a neurodegenerative
disorder featuring gradually progressive cognitive
and functional deficits as well as behavioral
changes associated with the accumulation of
amyloid in the brain®. ABs.35 possesses most of
the biological properties of the full length-Ap
including aggregative ability and neurotoxic
properties such as learning and memory impairment,
oxidative stress, inflammation, neuronal loss and
cell death*®'¢, In the current study, i.c.v. injection
of APs.3s at 9 nmol led to the memory
impairment in both the Y-maze and passive
avoidance tests. Our results are agreeable with
previous observations that AP2s.ss-induces
cognitive impairment in mice®"18,

Salvia miltiorrhiza is highly valued for
its roots in traditional Vietnamese medicine.
After the extraction process, the ethanol extract
has high contents of tanshinone IIA and
salvianolic acid B. The pre-treatment with ETE
prevented the i.c.v. injection of Af2s.3s-induced
deficits in short-term and long-term memory
tests. In the Y-maze test, a beneficial effect was
noticed when mice treated with ETE had the
same spontaneous alternations as that in the
control group. In the passive avoidance test, the
extract also ameliorated the reductions in latency
time induced by Apa2s.ss.
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These results are supported by some
evidence from different studies on major
compounds isolated from RSM. Mei Z and Zhu J
observed that tanshinone 1A (40 or 80 mg/kg)
and cryptotanshinone (5 or 10 mg/kg) had the
ability to ameliorate spatial memory deficits
induced by i.c.v. injection of AP2s.3s in Morris
water maze test!®%, Other studies have shown
that the administration of salvianolic acid B (10
mg/kg) ameliorated Apasss-induced cognitive
dysfunction in the Y-maze and passive avoidance
tests>13, However, no pharmacological studies
have been issued on the influence of the crude
extracts of RSM in this model.

The mechanism responsible for the
neuroprotective activity of RSM has been
proposed based on the hypothesis that oxidative
stress plays a critical role in the development of
Alzheimer’s disease. MDA is the most abundant
individual aldehyde resulting from lipid
peroxidation and can be considered a marker of
lipid peroxidation®:?2, To investigate the effect of
ETE on APgz.3s-induced oxidative stress, we
measured the levels of MDA in the brain tissue
homogenate containing hippocampus and cortex.
APas35 injection increased this parameter and
could be considered the main culprit in lipid
peroxidation. MDA accumulation induced by
AP2s-3s has been prevented by treatment with
the ethanol extract. Accordingly, these results
suggest that the protective effect of the ETE on
APas-3s-induced memory impairment is related to
the oxidative stress in the brain. In agreement
with our results, Lee JE, et al found that
salvianolic acid B could attenuate Apo2s.3s-
induced lipid peroxidation?2.

In vitro experiments, we further explored
the mechanism underlying the protective
effect of the extract against Af2s.3s-induced
neurotoxicity in NG108-15 cells. Our present
study indicated that the cells were pre-
incubated at the ETE concentration of 2.0
ug/ml could improve cell viability. Previous
reports also suggested that pretreatment of
cells with aqueous and ethanol extract of
RSM attenuated APzs-ss-induced cell death®23,
Furthermore, the isolated compounds from
RSM such as tanshinone I1A and salvianolic
acid B also protected against the neurotoxicity
of AB2s.3s, increased the viability of cells?24,

In summary, our results disclosed, for the
first time, that ETE could alleviate the memory
deficits induced by Af2s.3s in mice. The effect
of ETE may be attributed to the prevention
of oxidative damage in the brain and protected
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against Afzs.3s-induced cytotoxicity.
5. CONCLUSIONS

This study provides additional evidence
that the RSM ethanol extract treatment prevents
the learning and memory impairment and
attenuates the neurotoxicity induced by Ap2s-3s.
The neuroprotective effects observed in vitro and
in vivo indicate that radix Salvia miltiorrhiza may
offer a potential treatment option for Alzheimer’s
disease.
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