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Objective To investigate the neuroprotective action of astragaloside IV (AS-IV) on spatial learning and memory
impairment induced by amyloid-beta 1-42 (A1-42) in rats and elucidate its underlying molecular mechanisms.

Methods Adult-male Sprague-Dawley rats (230-250 g) were divided into six groups randomly: control, AB1-
42, AS-1V, Aﬁ1—42 plus 5 mg/kg'd AS-1V, AB1—42 plus 25 mg/kg'd AS-1IV, and AB1—42 plus 50 mg/kg'd AS-1V
groups. AB1-42 were delivered by intracerebroventricular injection under the guidance of a brain stereotaxic
apparatus. The Morris water maze test (hidden platform test, probe trials, visible platform test) was performed
one week after AB1-42 injection to obtain the ability of rat spatial learning and memory. AS-IV (5, 25 and 50 mg/kg-d)
was administrated intraperitoneally once per day from the 8th day after AB1-42 injection for 5 consecutive days.
Average escape latencies, distances for searching for the platform under water and the percentage of total time

elapsed and distance swam in the right quadrant after removing platform were determined by behavior software
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system. The vision and swim speeds of rats were also determined to exclude the effect of these factors on the
parameters of learning and memory. After behavioral tests, the rats were sacrificed immediately by decapitation.
Hippocampus were collected. The enzyme activities of superoxide dismutase (SOD), glutathione peroxidase
(GSH-px) and catalase (CAT) in the hippocampus obtained from different-treated rat brain were measured by
following the manufacturer’s instructions. The levels of interleukin-1 beta (IL-1f) and tumor necrosis factor-alpha
(TNF-q) in tissue lysates were assayed with ELISA.

Results The water maze test results indicated that chronic treatments with AS-TV effectively protected the rats
from AP1-42-induced spatial learning and memory impairment. Furthermore, the activities of SOD, GSH-px and
CAT decreased by AB1-42 were also restored by AS-]V treatment in the hippocampus of rats. In addition, AS-[V
significantly decreased the levels of IL-1 and TNF-q. in the hippocampus of AB1-42-induced amnesia’s rats.

Conclusion Our findings suggest that AS-[V might be a useful chemical in improving the spatial memory and
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relieving the oxidative stress and neuroinflammation in Alzheimer patients.

LZHEIMER'S disease (AD), characterized by

cognition impairments, personality alter-

ations and visual skills deficits, is an age-re-

lated and irreversible neurodegenerative
disorder.”* Amyloid beta 1-42 protein (AB) deposition
plays an essential role in the pathogenesis develop-
ment of AD.>* Although the mechanisms through which
AR exerts its toxicity have not yet been completely
understood, recent evidence suggests that oxidative
stress and neuroinflammation induced by AB1-42 play
a pivotal role in the pathogenesis of AD and cognitive
impairment.>® Besides, aggregated AP in the brain
elicits the activation of microglia cells and astrocytes,
leading to the production of interleukin-1p (IL-1B) and
tumor necrosis factor-a (TNF-a), triggering the dam-
age and loss of neurons.”® The interactions between
reactive oxygen species and proinflammatory factors
aggravates cognitive dysfunction.’*® Therefore, it is
urgent to discover new compounds with antioxidant
and anti-inflammatory properties for the treatment of
cognitive decline during AD.

Although several therapeutic interventions have
been applied for reducing amyloid formation by using
cholinesterase inhibitors to restore cholinergic deficits
and using COX-2 inhibitors to regulate neuroinflamma-
tion,""*? these drugs are not well accepted because of
their severe side effects. In light of these considerations,
natural herbal sources may provide greater therapeutic
benefit by reducing or prevention of oxidative stress and
neuroinflammation in the treatment of AD.

Astragaloside IV (AS-IV ), a small molecular sapo-
nin purified from Astragalus membranaceus, is a pri-
mary active constituent in Huangqi (Astragali Radix).
AS-IV has been applied for the treatment of cardiovas-

cular diseases, hepatic and renal disorders.* Pharma-
ceutical studies have shown the prominent antioxidant
effect of AS-IV. The antioxidant mechanisms of AS-IV
include free radical scavenging activity, reducing lipid
peroxidation, and increasing antioxidant enzymes.**¢
A recent study reported that AS-IV protects from the
ischemic brain injury mainly via suppressing oxidative
damage after chronic cerebral hypoperfusion.’”*° How-
ever, it is unknown that whether AS-IV can ameliorate
AB1-42-induced oxidative stress, neuroinflammation
and cognitive dysfunction. Therefore, the present work
was designed to investigate the neuroprotective effects
of AS-IV against AB1-42-induced oxidative stress, neu-
roinflammation and memory deficit in an in vivo amne-
sia-like rat model.

MATERIALS AND METHODS

Rats

Male Sprague-Dawley (SD) rats supplied by the Re-
search Animal Center of Xi'an Jiaotong University with
a body weight between 230 and 250 g were used. The
rats were housed at 23°C with a 12-hour light-dark
cycle. This study was conducted in strict accordance
with the NIH Guide for the Care and Use of Laboratory
Animals and with the approval of the Shaanxi Animal
Research Ethics Committee.

Drugs

To induce peptide aggregation, the AB1-42 (Sigma-Al-
drich, St. Louis, MO, USA) was dissolved in 0.9% sa-
line (5 mg/ml) and incubated at 37°C for 4 days before
surgery.”**" The AS-IV was purchased from Biopurify
Phytochemicals (Chengdu, China).
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Grouping and drug injections

Sixty-eight rats were divided into six groups randomly,
control group, AB1-42 group, AS-IV group, AB1-42 plus
5 mg/kg-d AS-1V group, AB1-42 plus 25 mg/kg-d AS-IV
group, and AB1-42 plus 50 mg/kg-d AS-1V group.

The surgery was performed according to our pre-
vious report with minor modifications.”” Briefly, rats
were put in a stereotaxic apparatus under the anesthe-
sia with an intraperitoneal injection of chloral hydrate
(0.3 g/kg). Then, the rat skulls were opened and the
burr holes at the corresponding position were drilled
for AB1-42 intracerebroventricular injection. The spe-
cific area for injection was: anteroposterior: -0.8 mm
from Bregma, medial/lateral: £1.3 mm from midline,
and dorsal/ventral: -4.0 mm from dura. The exper-
imental procedures for chronic AS-IV treatment are
shown in Fig. 1. Seven days after AB1-42 injection, all
rats were tested in Morris water maze.

Morris water maze task

As described previously,? spatial memory testing was
carried out using Morris water maze (MWM). A large
circular black-painted pool (150 cm in diameter; 50
cm in height) was divided into four quadrants at the
equal distance from the rim. A small escape platform
(14 cm in diameter; 29 cm in height) was fixed at the
center of a quadrant and submerged approximately 1.0
cm below water surface (maintained at 23°C = 2°C).
In the room for water maze, several landmarks were
fixed on the walls. After AB1-42 injection for 7 days,
memory training was performed. For hidden platform
tests, the treated rats were released to swim freely
in the maze to search the underwater platform. We
performed the training four times a day for five con-
secutive days. In each trial, the rats were placed into
the water facing the pool wall at one of the four equal
quadrants (Zone 1, 2, 3, and 4) designated by computer
software. Rats were allowed to swim until they found
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the platform or until 120 seconds elapsed. In probe
trials on the sixth day, the rats were allowed to swim
for 120 seconds after removing the platform. The swim
escape latency (s), average swiming speed (cm/s),
and time spent in the target quadrant (%) were mea-
sured. Then, the visual platform test was performed.
The platform was attached to a highly visible cover and
elevated to approximately 2 cm above the water sur-
face. The swimming speed and time needed to reach
the platform were recorded and analyzed by EthoVision
3.0 (Noldus Information Technology, Wageningen, the
Netherlands).

Assay for antioxidant enzymes activity

After behavioral tests, the animals were sacrificed im-
mediately by decapitation. The bilateral hippocampus
was immediately removed, then weighed. Hippocam-
pus homogenates with 5% tissue (w/v) in 0.9% saline
solution were prepared. Supernatants collected after
the homogenization were centrifuged at 3000 xg for
15 minutes at 4°C. Then the enzyme activities of su-
peroxide dismutase (SOD), glutathione peroxidase
(GSH-px) and catalase (CAT) were measured by fol-
lowing the manufacturer’s instructions. The activity of
CAT was expressed as nmol/mg protein, and the GSH-
px and SOD activity were expressed as U/mg protein.
Assay kits for SOD, GSH-px and CAT were purchased
from Nanjing Jian-cheng Bioengineering Institute
(Nanjing, China).

Assay for pro-inflammatory cytokines

Hippocampal tissue collected was homogenized with
RIPA lysis buffer (150 mmol/L NaCl, 0.5% sodium de-
oxycholate, 5 mmol/L EDTA, 0.5% NP-40, 50 mmol/L
Tris-HCI, pH 6.8) supplemented with a commercial
protease and phosphatase cocktail (Applygen, Beijing,
China). The tissue homogenates of the samples were
centrifuged at full speed for 15 minutes at 4°C. BCA

) - Probe task
| Recovery period Water-maze training | ¢
Day 1 8 9 10 11 12 13
AB 1-42 T

injection(i.c.v)

AS-IV
injection(i.p.)

Figure 1. Schematic diagram of drug treatment and behavioral tests. AB1-42 was injected into the intracerebroventricular
of rats. After a recovery period for 7 days, AS-1V was intraperitoneally administrated at the doses of 5, 25 and 50 mg/kg-d
respectively for 5 consecutive days. AB1-42: amyloid-beta 1-42; AS-IV: astragaloside 1V .
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Protein Assay (Thermo Pierce, Rock-ford, IL, USA)
were performed to determine protein concentrations.
Then the levels of IL-1B and TNF-a in tissue lysates
were checked by the commercial ELISA kits (R&D
systems, Minneapo-lis, MN, USA) following the manu-
facturer’s instructions. The results were expressed as
pg/mg protein.

Statistical analysis

All data were represented as the mean values % stan-
dard error (SE). In the MWM test, a two-way analy-
sis of variance (ANOVA) with repeated measures was
used in the analysis of spatial learning task. One-
way ANOVA followed by Dunnett’s post-hoc test were
performed in intergroup comparisons to determine
the significant differences. All statistical analyses were
performed by SPSS 17.0. Statistical significance was
accepted at P<0.05.

RESULTS

AS-IV treatment prevented against AB1-42-induced
spatial learning and memory impairment in a dose-
dependent manner

To explore the neuroprotective effect of AS-IV against
AB1-42-induced cognitive impairment, we tested ref-
erence memory in the MWM. As expected, AB1-42 sig-
nificantly impaired the rat performance in both hidden
platform tests and probe trials (F; 3 =9.078, P<0.05).
When the rats were treated with AS-IV alone, their av-
erage latencies to find the hidden platform did not dif-
fer from those of the control group (Fig. 2A). However,
AS-1IV (25 and 50 mg/kg-d) significantly decreased the
animal escape latency induced by AB1-42 (F,5,=5.041,
P<0.05; F;3,=6.243, P<0.05).

To further evaluate the animal spatial memory
ability in MWM, we performed probe trials on the 6th
day. The swimming time spent and distance swum in
target quadrant was compared among the groups. As
shown in Fig. 2B, AS-IV (50 mg/kg-d) alone did not
show an influence on memory behavior compared to
the control group (F;3 =1.289, P>0.05). Interesting-
ly, chronic AS-IV (5, 25 and 50 mg/kg-d) treatment
prevented the AB1-42-induced memory deficit in a
dose-dependent manner. As depicted in Fig. 2B, the
time percentages in the target quadrant in both AS-IV
(25 mg/kg-d) and AS-IV (50 mg/kg-d) plus AB1-42
treated rats were significantly higher than those in
the AB1-42 alone group (F,3, =5.279, P<0.05; Fy 3
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=7.023, P<0.05). After the probe trials, rats escape
latencies were conducted with visible platform. The
differences in escape time and swimming speed were
not significant between all groups (Fig. 2C, 2D). The
results suggested that the vision and ability of motor
were not affected in all the rats.

AS-IV effectively reversed the AB1-42-induced
decrease of SOD, GSH-Px and CAT activities in
the hippocampus of rats

To further elucidate the probable biochemical mech-
anisms of the neuroprotective effect of AS-IV in
AB1-42-mediated impairment in spatial memory, we
subsequently tested whether AS-1IV influenced antiox-
idant activity in the hippocampus of amnesia-like rat
brain. We first tested the enzyme activities of SOD,
GSH-Px and CAT. As shown in Fig. 3, the activities of
SOD, GSH-Px and CAT were significantly decreased
by AB1-42 treatment when compared to the control
rats. However, supplementation of AS-IV (25 and
50 mg/kg-d) significantly increased SOD (Fig. 3A,
Fi,3=5.042, P<0.05; F,,; =5.986, P<0.05), GSH-Px
(Fig. 3B, F,,; =5.124, P<0.05; F,,; =6.028, P<0.05),
and CAT (Fig. 3C, F,,3=5.369, P<0.05; F,,;=6.272,
P<0.05) activities when compared with the AB1-42-
treated rats. AS-IV (50 mg/kg-d) alone supplemen-
tation did not show any significant changes in the
activities of SOD, GSH-Px and CAT when compared to
the control group rats (F;,;=1.056, all P>0.05). Taken
together, the above results suggest neuroprotective
effects of AS-IV on AB1-42-induced cognitive deficits
might be mediated through its antioxidative effect.

AS-|V markedly suppressed pro-inflammatory
cytokines accumulation induced by AB1-42 in rat
hippocampus

In this study, the levels of two pro-inflammatory cytokines
(IL-1B and TNF-a) in hippocampus were measured. ELI-
SA results showed that IL-1B and TNF-a levels of AB1-
42 treated rats were significantly increased compared
to the control group as shown in Fig. 4 (F,,; =5.869,
P<0.05). Meanwhile, the treatment of AS-IV (25 and 50
mg/kg-d) significantly attenuated the AB1-42-induced
up-regulation of these two pro-inflammatory cyto-
kines in the hippocampal region of the rat brain (F,,; =
5.859, P<0.05; F;,; =6.564, P<0.05). The results sug-
gest that AS-IV prevented the pro-inflammatory cyto-
kines accumulation induced by AB1-42 in rat hippocam-
pus.
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Figure 2. AS-IV reatments attenuated AB1-42-induced spatial learning and memory impairment in rats. A. Rats with dif-
ferent treatments as labeled in the figure were trained for five consecutive days and the average escape latencies of rats

were checked by the Morris water maze. B. The probe testing in various groups were performed four times per day and the
percentages of total time in the target quadrant were calculated. C. Visible platform test was performed in rats with different
treatments. D. The swimming speed (cm/s) in the various groups were evaluated. The data were represented as mean+SE.
(n=10). "P<0.05 compared with the control group. *P<0.05, **P<0.01 compared with the AB1-42 alone group.

DISCUSSION

AD is a progressive neurodegenerative disorder
with a complex pathogenesis.” The current hypothesis
suggests that oxidative stress and neuroinflammation
have a vital role in the progress of AD.**?* The impair-
ment of cognitive in patients with AD is related with
elevated AB levels in brain. The injection of AB to rats
has been shown to cause behavioral and pathological
symptoms of AD, such as learning and memory deficit,
synaptotoxicity, oxidative stress, inflammation, neuro-
nal injury and death.?**°In the present study, the AB1-
42-induced AD model was used to clarify the neuro-
protective potential of the AS-IV.

The most commonly method used to assess the
hippocampal-dependent spatial learning and memo-
ry ability is MWM test.”® As previously reported, our
present results confirmed that AB1-42 treatment sig-
nificantly impaired the spatial learning and memory in
MWM performance. Interestingly, AS-IV alone did not
affect the learning and memory capacity in rats. AS-IV
administration (25, 50 mg/kg) can dose-dependently
reverse the cognitive decline in rats induced by AB1-
42 in hidden platform test and the MWM probe trials.
In addition, the performance of rats in visible platform
test indicated that AS-IV and AB1-42 did not affect
rat’s vision and motor ability.

Previous studies involving in vivo and in vitro ex-
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Figure 3. AS-IV attenuated the oxidative stress in the hippocampus of rats treated with AB1-42. Rats were received dif-
ferent treatments as labeled in the figure for five days and the activities of superoxide dismutase (SOD, A), glutathione
peroxidase (GSH-px, B) and catalase (CAT, C) in hippocampus were checked. Values were expressed as mean £ SE (n=8).
"P<0.01 compared with the control group; *P<0.05, **P<0.01 compared with the AB1-42 group.
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Figure 4. AS-1V prevented the increase of IL-18 and TNF-a induced by AB1-42. ELISA for interleukin-1 beta (IL-183, A) and
tumor necrosis factor-alpha (TNF-a, B) were performed in the hippocampus tissue of rats with various treatments. Values
are expressed as mean + SE (n=8). “P<0.01 compared with the control group; *P<0.05, **P<0.01 compared with the

AB1-42 group.

periments have shown that AB induces oxidative dam-
age.*? Consistent with other prior reports,® rats treat-
ed with AB1-42 in this study exhibited a significant
increase in oxidative stress compared with the control
group. Endogenous enzymes like SOD, GSH-Px and
CAT maintain the redox homeostasis and low oxidant
level in tissue.*® In the present study, the SOD activity
was markedly lower in AB1-42-treated rats than that
in the control rats. The administration of AS-1V sig-
nificantly restored the SOD activity in AB1-42-treated
rats. GSH-Px exerts an important role in scavenging
free radical. Our present data showed that AB1-42
decreased the level of GSH-Px compared to the con-

trol rats. Administration of AS-IV significantly restores
GSH-Px levels decreased by AB1-42. CAT is an enzyme
that is responsible for catalyzing the decomposition
of H,0,. The maintenance of reactive oxygen species
is important for proper cell function.*® In the present
study, CAT activity was significantly compromised by
AB1-42-injection in rats, while the administration of
AS-1IV (25, 50 mg/kg) markedly ameliorates these ab-
normalities. Overall, the results in our study suggested
that AS-IV injection was effective in restoring the ac-
tivities of SOD, GSH-Px and CAT, thus clearing the free
radicals and protecting from oxidative damage induced
by AB1-42.
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In the pathogenesis of AD, the glial cell activation
and pro-inflammatory mediators release play critical
roles. IL-1B and TNF-a are basic indicators of the in-
flammation.* Previous studies have shown that AB1-42
caused cognitive injury by inducing the activation of mi-
croglia cells and over-producing pro-inflammatory cyto-
kines in hippocampus.” It has been reported that IL-1B
can increase the production and accumulation of AB.*®
In the present study, we demonstrated that intracere-
broventricular injection AB1-42 significantly increased
the IL-1B and TNF-a level in the hippocampus. Howev-
er, administration of AS-1V (25, 50 mg/kg) significantly
and dose-dependently suppressed the inflammatory
responses in AB1-42-treated rats, suggesting the an-
ti-neuroinflammation role of AS-1V in neuroprotection.

In summary, our results indicated that AS-IV
dose-dependently ameliorates AB1-42-induced spatial
learning and memory impairments in rats. Restored
activities of antioxidant enzymes and declined pro-in-
flammatory cytokines release are accountable for
the neuroprotective effects of AS-IV against AB1-42
induced injury in the brain. It is necessary to further
clarify the detailed mechanism of AS-IV in the treat-
ment of AD both in vitro and in vivo. Therefore, AS-IV
may be an effective therapeutic agent in improving the
cognitive functions in patients of AD.
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