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ABSTRACT
β-aescinate has a wide variety of pharmacological properties, including anti-inflammatory, analgesic,
and antipyretic activities. The inflammatory pathways in the brain have been closely related to pathological development of the Alzheimer’s Disease (AD). However, the anti-inflammatory mechanism
of β-aescinate on AD has not been scrutinized. Thus the present study was designed to investigate
whether β-aescinate improve the abilities such as learning and memory through the anti-inflammatory pathway in the rat amyloid model. Aβ1-40 was microdialyzed into the lateral ventricle. Learning
and memory were evaluated by Morris Water Maze (MWM) test. Pathological changes in the hippocampus were estimated by H&E stained. The quantity of neuroglia and cytokine were investigated by
immumohistochemistry. BSI-B4, GFAP, βA4 and TNF-α positive cells in Aβ group were higher than that
in the sham group (P<0.01, respectively), but the latent period was lengthen in Aβ group compared
with sham group significantly (P<0.05); BSI-B4, GFAP, βA4 and TNF-α positive cells were lower than that
in Aβ+β-aescinate group significantly (P<0.01), and the latent period reduced in Aβ+β-Aescine group
compared with Aβ+saline group significantly (P<0.01). These results suggested that β-aescinate decreased the activation of neuroglia, reduced inflammatory cytokines and decreased βA4 deposition,
and improved the abilities of learning and memory through the anti-inflammatory pathway in the rat
amyloidal model
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Introduction
Inflammatory mechanisms have been recognized
as one of the most important pathways in the
genesis and development of Alzheimer’s Disease
(AD). Pathogenesis like β-Amyloid (Aβ) and
neurofibrillary tangles have certain antigenicity to
the central nervous system, stimulate the body’s
immune system to produce excessive inflammatory chain reactions in the brain, and eventually
produce degeneration injuries in the brain aggravate the pathological progress of AD [1-5].
Aescine (escin) is derived from the seeds of horse
chestnut (Aesculushippocastanum L.) with a
natural mixture of triterpenesaponins exhibiting
a wide variety of pharmacological properties,
including anti-inflammatory, analgesic, and antipyretic activities [6]. Clinically Sodium β-Aescine with 7 hydroxy in its molecular structure,
is commonly used as dehydrating agent with
hormone-like effects, effectively eliminate free
radicals produced in the tissues, so as to reduce
the lipid over oxidation; It can also regulate the
secretion of adrenocorticotropic hormone and
prostaglandin, and play anti-inflammatory effects
in multiple levels of central nervous system [7-9].
The anti-inflammatory property of Aescine like
adrenocorticotropic hormone provided clues to
us that Aescine might have therapeutic effects in
the treatment of AD. However, the relationship
between Aescine and AD has not been known.
Therefore, the present study was to observe
whether the anti-inflammatory effects of Sodium
β-Aescine would inhibit the inflammatory lesions
and improve the abilities of learning and memory
in this AD rat model.

Methods

Animal and group
24 male Wistar rats, body weighing 250g-300g,
were selected by Morris Water Maze (MWM,
purchased from the Chinese Academy of Medical Sciences, Beijing, China). Rats were randomly divided into 4 groups: Sham operation control group, Aβ group, Aβ+β-Aescine group, and
Aβ+saline group. 6 rats were in each group.
The protocol had been approved by Qingdao
Central Hospital, Qingdao Municipal Hospital,
Qingdao Eighth People’s Hospital, and Qingdao
Songqiao Hospital.
The main reagent
Aβ1-40 was purchased from Sigma-Aldrich Corporation (China Branch, Shanghai, China). Di-
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luted into Aβ1-40 into 1g/L by sterilized Normal
Saline before use, and incubated for 1 week, then
stirred with care to make it “a aggregate” [10,11].
Plant lectins (BSI-B4), from Sigma-Aldrich Corporation (China Branch, Shanghai, China); A4β
antibody, TNFα antibodies, from Tianjin HaoyangCompany (Tianjin, China); Glial Fibrllary
Acidic Protein (GFAP) antibody, from Beijing
Boaosincompany (Boaosin, Beijing, China);
Immunohistochemical kit, from Maixin reagent
company (Maixin, Beijing, China); Sodium
β-Aescine, from Yantai Green Leave Pharmaceutical Co., Ltd (Yantai, Shandong, China).
AD rat model
This Aβ lateral ventricle microdialysis rat model
has been widely used, and in this study, we selected paramaters as A 0.3mm, R1.3mm, H3.6mm
based on Giovannelli and colleagues [10], Yang
and colleagues [11]. This amyloid model could be
useful to investigate AD pathogenic mechanisms
and evaluate the drug effects.
Aβ1-40 was incubated with sterile 0.9% sodium
chloride at the concentration of 10μg/10μL for 7
days in 37ºC thermostat, and then Aβ was in the
status of aggregation.
The rat was fixed on the stereotaxic instrument
(stereotactic apparatus, SN-3, Narishige, Tokyo,
Japan) after anesthetized by 10% Chloral Hydrate
(0.3 to 0.35 ml/100g, intraperitoneal injection,
ip), skin disinfection, skin incision at the center
of the parietal, bone drilled, microdialysis into the
right side of the ventricle through the microdialysis pump for consecutive 14 days.
Sham operation control group also microdialysis
0.9% sodium chloride as vehicle.
Drug intervention group
Aβ+β-Aescine group: Sodium β-Aescine solution
intraperitoneal injection (5mg/kg, diluted with
0.9% Sodium Chloride to 2ml), at 8 a.m., daily,
for 14 consecutive days.
Aβ+ saline group: As the control group of
Aβ+β-Aescine, 2 ml 0.9% Sodium Chloride intraperitoneal injection at 8 a.m., daily, for 14 consecutive days.
Water maze test
The pool of the labyrinth was divided into four
quadrants. All preoperative rats were trained
swimming in the water maze 3 times daily, for 4
consecutive days. Every time training rats would
head toward the wall according to the different order randomly into three quadrants to swim, until
they found the platform. Recorded the time of the
rat found the platform (known as latent period),
let the rat stranded on the platform for 10s in order to achieve improved memory effect; if the rat
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did not arrive at the platform within 180s, the latent
period would be recorded as 180s. After 4 days 24
rats were chosen based on arriving at the platform
within 10s three consecutive times, grouped according to random number table.14 days after surgery
the memory retrieval abilities were tested 3 times,
and the average was calculated.
Histopathological study
The rat was perfused with 100 ml 0.9% Normal Saline, then 100ml 4% paraformaldehyde via the left
ventricle with the descending aorta clipped. The
brain was carefully removed and suspended in 4%
buffered paraformaldehyde+20% sucrose for two
days at 4ºC, then transferred into 30% sucrose perfusion fixative for two days at 4℃. The brain gradient desiccation was made. Paraffin brain section was
produced after dehydration. Serial sections were 5
microns thick, then:
•
HE staining
•
Immunohistochemical study
Immunohistochemical staining was used to detect
microglia labeled by BSI-B4 and astrocytes labeled
by GFAP, βA4 and TNFα. Three slices were chosen from each rat brain sections, and observed under
optical microscope. 4 visual fields (×400) were randomly selected from each section of the left side of
the hippocampus CA1 region. The numbers of positive cells per visual field were counted; the means
and standard deviation of four visual fields were
calculated.
Statistical analysis
Data were summarized using standard descriptive
statistics: frequency and percentage for categorical
variables; and mean, Standard Deviation (SD) for
continuous variables. All calculated p-values were
two-sided and p-values less than 0.05 were considered statistically significant. Statistical analyses
were performed using the SAS version 9.2 software
package (SAS Institute, Inc., Cary, NC).

Results

Comparison of learning and memory ability
Comparison of learning and memory ability of the
rat in water maze performance showed no difference
between preoperative groups; Postoperative test
were shown in Table 1.
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*P<0.01, Aβgroup compared with sham control; or
with Aβ+β- aescine group.
※
P<0.01, Aβ+β- aescine group compared with
Aβ+saline group.
☆
P>0.05, Aβgroup vs. Aβ+saline group.
The latent period was lengthen in Aβ group compared with Aβ+saline group, but the difference had
no statistical significance (P>0.05); The latent period was longer in Aβ group compared with Sham
control statistically significant (P<0.05); This result showed that Aβ microdialysis into the ventricle
damaged the learning and memory abilities as AD
in rats.
The latent period reduced in Aβ+β-Aescine group
compared with Aβ+saline group significantly
(P<0.01).
This result implied that Sodium β-Aescine improved
the learning and memory abilities in this AD rat
model.
The inflammatory reaction in hippocampus CA1
area and effect of β-aescine
A large number of glial cell proliferation, aggregation, glial cells volume increased, and deepen dyeing
were observed at the left hippocampus CA1 area in
Aβ group under the optical microscope. Cone cells
stripes were scattered, and cell shrinkage, nucleus
pycnosis, dyeing to deepen in the CA1 area. The glial cells lose, sparse distribution, shallow and small
cell dyeing was observed in the Sham control group.
This result showed that Aβ microdialysis yield more
brain injuries in this region (Figure 1).
The glial cell hyperplasia reactivity and the neuron
lose were reduced significantly in Aβ+β-Aescine
group compared with Aβ group (Table 2). As shown
in Figure 1-B, compared with Figure 1-A (Aβ model), Aβ+β-Aescine decreased the IL-1β expression,
showed that β-Aescine treatment decreased IL-1β
expression.
This result showed that Sodium β-Aescine reduced
the glial cell hyperplasia reactivity and the neuron
lose in this rat AD model.
Changes of glial cells and cytokines in left hippocampus CA1 in this AD rat model
Under the optical microscopy, BSI-B4 labeled glial,
GFAP labeled astrocytes, βA4 and TNFα expressed

Table 1: Comparison of learning and memory between groups of AD rats by water maze test (x ± s , s).
Group

n

Latent period

Sham

6

28.9 ± 5.0

Aβ

6

56.2 ±7.7☆

Aβ+β-Aescine

6

29.1 ± 9.2*※

Aβ+saline

6

53.4 ± 9.4
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positively with the cytoplasm full of tan color,
number of positive cells was shown in Table 2.
As shown in Figure 1-C,D, Positiveness cells increased in the left hippocampus Aβ group (Figure
1-C), while Aβ+β-Aescine decreased the TNFα
expression (Figure 1-D), showed that β-Aescine
treatment decreased TNFα expression in the left
hippocampus Aβ model.
Figure

Figure 1: β-Aescine treatment decreased the
inflammatory expressions in the Aβ rat model

A:Aβ model showed increased IL-1β expression;

B: Aβ+β-Aescine decreased the IL-1β expression,
showed that β-Aescine treatment decreased IL-1β
expression.
C: TNFαpositive cells increased in the left hippocampus Aβ group.
D: Aβ+β-Aescine decreased the TNFα expression,
showed that β-Aescine treatment decreased TNFα
expression in the left hippocampus Aβ model.
Table 2
*
P<0.01, Aβgroup vs. sham;
△
P<0.05, Aβgroup vs.β+β- aescine group;
※
P<0.01, Aβgroup vs.与Aβ+β-Aescine.
Hippocampal CA1 area glial cells, βA4, and
TNFα positive cells were significantly increased
in Aβ group compared with Sham operation control.
This result showed inflammatory reaction was
active in the Aβ group. Hippocampal CA1 area
glial cells, βA4, and TNFα positive cells were
significantly decreased in Aβ＋β-Aescine group
compared with Aβ group. This result showed
Sodium β-Aescine inhibited the inflammatory
reaction in the AD rat model.
Hippocampus CA1 area glial cells, βA4, and

Table 2: Effect of β-Aescine on hippocampal microglia, radial glial cells and IL-1β, TNFα in AD rat model (x ± s).
Group

n

Number of positive cells
BSI-B4

GFAP

IL-1β

TNFα

Sham

6

14.8 ± 3.4*

19.6 ± 4.2*

22.1 ± 4.5*

31.1 ± 5.3*

Aβ

6

30.3 ± 4.1

59.4 ± 5.8

49.7 ± 5.7

60.3 ± 11.4

Aβ+β- aescine

6

20.8 ± 6.5*

33.8 ± 6.5*

25.5 ± 3.9*

33.8 ± 6.8*

Aβ+saline

6

26.4 ± 4.9

52.5 ± 6.0

41.7 ± 8.9

56.3 ± 11.1※☆

△☆

TNFα positive cells were significantly decreased
in Aβ+β-Aescine group compared with Aβ+saline
group.
This result showed Sodium β-Aescine inhibited
the inflammatory reaction compared with the normal saline as the vehicles control in the AD rat
model.
These results suggested that Aβ activated the glial
cells and astrocytes proliferation in hippocampus
and launched its immune inflammatory response;
Sodium β-Aescine had certain inhibitory effect
on the hyperplasia of activation of glial cells and
astrocytes in the hippocampus and decreased the
expression of βA4, TNFα, blocking the inflammatory interaction, therefore improved the learning
and memory in this rats AD model [12, 13].

Discussion

Along with the aging accelerating, much attention
has been paid on the problems of the cognitive
impairment. In recent years the mechanisms of
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※

※

Alzheimer’s disease have been focused on the abnormal deposition Aβ in the brain, that may be a
motivating factor in the inflammatory response of
the AD genesis and development, continuous activation of inflammatory stimulations will change
the normally acute reaction into chronic inflammatory lesions and interfere with the homeostasis
of the central nervous system [1-5, 14]. Literature
showed that Aβ deposition in the senile plaques in
the inflammatory activation of microglia caused
inflammation, which is an important pathological
mechanism of AD [15]. The activation of microglia and astrocytes and subsequent inflammation is
very important in the AD pathological damage,
has become one of research hotspots in recent
years [16]. So, the present study also based on
inflammatory mechanisms observed the anti-inflammatory effects of Sodium β-Aescine on learning and memory ability in this AD rats.
The
structure
of
β-Aescine
is
((2S,3S,4S,5R,6R)-6-{((3S,4S,4aR,6aR,
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6bS,8R,8aR,9R,10R,12aS,14aR,14bR)-9-acetoxy8-hydroxy-4,8a-bis (hydroxymethyl)-4,6a,6b,11,11,
14b-hexamethyl-10-(2-methyl-1-oxobut-2-enoxy)1,2,3,4a,5,6,7,8,9,10,12,12a,14,14a-tetradecahydropicen-3-yl)oxy}-4-hydroxy-3,5-bis{((2S,3R,4S
,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)-2-tetrahydropyranyl)oxy}-2-tetrahydropyrancarboxylic
acid. The unique structure with seven hydroxyls
would capture the free radicals effectively.
This model has been widely recognized internationally, and in this study we based on Giovannelli
and colleagues [10], Yang and colleagues [11]. This
model mimic the natural aging progress of mankind,
including cognitive dysfunction, immune function
decline, and degenerative changes in the brain neurons.
This study showed that the latent period was significantly prolonged, and the memory retrieval reduced in Aβ group, while after Sodium β-Aescine
treatment the latent period was shortened obviously.
These results suggested that Sodium β-Aescine improved the learning and memory abilities of the AD
rats.
This study also showed that Sodium β-Aescine inhibited the hyperplasia of activation of glial and astrocytes in the hippocampus by immunohistochemical staining, and inhibited the expressions of βA4,
TNFα, thus to some extent, blocked the inflammatory injury of the brain in AD rats, so as to improve the
learning and memory ability of AD rats.
Aescine appears to produce effects through a wide
range of mechanisms at different levels. It induces
endothelial nitric oxide synthesisby making endothelial cells more permeable to calcium ions, and
also induces release of prostaglandin F2α [17]. Other possible mechanisms include serotonin antagonism and histamine antagonism and reduced catabolism of tissue mucopolysaccharides [18].
This study also suggested that Sodium β-Aescine
inhibited the hyperplasia of glial cell induced by Aβ
and suppressed the expression of inflammatory cytokines, reduced the brain damage, thus improved
learning and memory ability of AD rats. The possible mechanism was the anti-inflammatory role of
Sodium β-Aescine through the following four ways:
(1) Adrenocorticotropic hormone-like effects:
Aescine can increase the concentration of plasma
adrenocorticotropic hormone and corticosterone,
those pharmacological effects are similar with dexamethasone, but hormone kind effects of Sodium
β-Aescineis are much weaker compared with dexa-
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methasone, therefore Sodium β-Aescine can avoid
the disadvantage of adrenocorticotropic hormone.
(2) Regulate the secretion of prostaglandin: Sodium
β-Aescine can promote PGF2α secretion, increase
PGF2α/PGE1 ratio, have the effect of inhibition of
PGE1, therefore, can reduce inflammatory exudation of the tissue.
(3) Antioxygen free radical activity: Sodium β-Aescine with 7 hydroxy in molecular structure can effectively capture free radicals produced in the body,
reduce lipid peroxidation. In addition, it can effectively reduce the activation of nuclear factor κB,
block a series of chain reaction induced byκB, and
reduce the expression of cytokines.
(4) Reduced βA4 deposition in the brain tissue. Aggregation/misfolding of α-synuclein and βA4 proteins cause neuronal cell death (NCD) associated
with Parkinson’s and Alzheimer’s disease [19]. This
study showed that Sodium β-Aescine decreased the
expression of βA4, blocked the inflammatory interaction, and therefore improved the learning and
memory in this rat’s amyloid model.
The limitations of this study was short term observations, as we know, AD has a long time span in degeneration, so the effects of Aescine on AD needed
further long term study.
In summary, this study contributed to the research
on Sodium β-Aescine improved the ability of learning and memory by inhibited glial cell proliferation,
activation and cytokine production, reduced inflammatory lesions and reducedβA4 deposition in the
brain tissue, in the rat amyloid model.
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