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Abstract
Background: Similar features indicated common regulators between aging and aging-induced dementia,
which demonstrated profound correlations with each other. However, the mechanism remains unclear.
Bushen-Yizhi Formula(BSYZ-F) has been used for managing dementia in the clinic for hundreds of years.
In this study, we aimed to further explore the mechanism of athyl acetate extracts of BSYZ-F(BSYZ-E)
attenuates aging-induced dementia in Senescence-Accelerated Mouse Prone 8 (SAMP8) mice.

Methods: As an age-related model, SAMP8 mice have been assigned to receive the corresponding
interventions in this study. The Morris water maze was used to evaluate the learning and memory ability
in SAMP8 mice. The marker level of oxidative stress(ROS and SOD) and nitrosative stress(NO and iNOS)
were measured using commercial kits. The quanti�cation of in�ammation-related proteins (NLRP3, ASC,
Caspase-1, IL-1β, and IL-18) and related apoptotic proteins (Bax, Bcl-2, Caspase-3, and Cleaved-Caspase-
3) in hippocampal tissue were measured using Western blot.

Results: In behavioral, the Morris Water Maze test demonstrated BSYZ-E alleviated the cognitive
impairments in SAMP8 mice. Mechanism studies indicated that BSYZ-E increased the vitality of SOD,
declined the validity of NO, iNOS, and MDA in SAMP8 mice. Besides, BSYZ-E relieved neuronal apoptosis
by regulating the expression of related apoptotic proteins (Bax, Bcl-2, Caspase-3, and Cleaved-Caspase-
3) and inhibited NLRP3 in�ammasome activation by in�ammation-related proteins (NLRP3, ASC,
Caspase-1, IL-1β, and IL-18) in SAMP8 mice.

Conclusions: These results suggested that BSYZ-E attenuates aging-induced dementia by suppressing
the activation of NLRP3 in�ammasome in SAMP8 mice.

Background
Aging is a multifactorial and irreversible process that deteriorates organism homeostasis and
resilience[1]. In decades, increasing evidence has shown abnormal age-related changes in dementia
underlying structures and functions[2–4]. Between 2015 and 2050, more than 56% of older people will
increased, which leads to a higher risk of dementia epidemic[5, 6]. The clinical manifestation of dementia
is cognitive decline[7]. NLRP3 in�ammasomes have been regarded as indispensable section, which
triggers pathological neuroin�ammation in animal models of dementia[8]. NLRP3 in�ammasome
induced microglia-mediated neuroin�ammation, which caused hippocampal-dependent learning and
memory de�cits[9]. NLRP3 in�ammasome inhibitor alleviated cognitive de�cits and β-amyloid pathology
in APP/PS1 mice[10, 11].

Bushen-Yizhi Formula (BSYZ-F), an herbal formula of Traditional Chinese Medicine (TCM), is made of
Cnidium monnieri (L.) Cusson, Paeonia × suffruticosa Andrews, Panax quinquefolius L, Fallopia
multi�ora (Thunb.) Harald, Lycium Chinese Mill, Ligustrum lucidum W.T.Aiton. BSYZ-F has been used for
managing dementia in the clinic because it could improve the mini-mental state examination score in
dementia patients[12]. Previous studies demonstrated that BSYZ-F regulated not only the cholinergic
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signaling pathway, nerve growth factor pathway, and apoptosis pathway in the ibotenic acid-treated
rat[13], but also anti-oxidative stress and anti-apoptosis in SCOP-induced mice[14]. Meanwhile, the
compounds of the ethyl acetate extract components (BSYZ-E), an active extracts of Bushen-Yizhi
formula, were identi�ed in our previous study[15]. BSYZ-E had been reported that it has the effects of anti-
apoptosis, anti-oxidative stress in SCOP-induced mice.

As a model of age-induced cognitive de�cits, Senescence-Accelerated Mouse Prone 8 (SAMP8) mice
exhibited age-accelerated learning and memory disorders[16]. Therefore, we employed SAMP8 mice for
exploring whether BSYZ-E could ameliorate aging-induced cognitive dysfunction. Our results suggested
that BSYZ-E alleviates aging-induced dementia via suppressing NLRP3 in�ammasome activation in
SAMP8 mice.

Materials And Methods

1. Arrangement of ethyl acetate extract
BSYZ-F consists of Cnidium monnieri (L.) Cusson, Paeonia × suffruticosa Andrews, Panax quinquefolius
L, Fallopia multi�ora (Thunb.) Harald, Lycium Chinese Mill, Ligustrum lucidum W.T.Aiton, and the six
herbs were mixed in a proportion of 3:3:2:2:2:2. Chemical decomposition of BSYZ-E was analyzed by
HPLC in our previous study[17]. BSYZ-E was provided by the Institute of Tropical Medicine, Guangzhou
University of Chinese Medicine (GZUCM, Guangzhou, China). Drug certi�cate (NO.20140425) was issued
by GZUCM. According to the grams per kilogram of body weight, 1 g BSYZ-E represented 113.76 g of
original herbs.

2. Animals and housing
Seven-month-old male SAMP8 mice and age-matched Senescence-Accelerated Resistant 1 (SAMR1)
mice were purchased from the Center Laboratory Animal, Peking University (Beijing, China). All mice were
arranged at the Center Experimental Animal of GZUCM under suitable temperature, humidity, and light
conditions. All Animals were fed ad libitum. The Animal Ethics Committee approved experimental
protocols of GZUCM, and experiments were performed in compliance with relative protocols.

3. Administration of BSYZ-E
SAMP8 mice were assigned randomly to �ve groups, depending on the experimental protocol: SAMP8
group (vehicle control), BSYZ-E L group (1.46 g/kg/day), BSYZ-E M group (2.92 g/kg/day), and BSYZ-E H
group (5.84 g/kg/day), Donepezil (Eisai China Inc) group (3 mg/kg/day). SAMR1 group, regarded as
healthy controls, received saline only. All animals were treated with gavage BSYZ-E, Donepezil, or saline
once daily for 30 days continuously.

4. Morris Water Maze (MWM)Test
From 31 to 37 days of the experiment, the MWM test was performed as previous[18], with the purpose of
appraise spatial learning memory capability in different groups. The apparatus used for the MWM test,
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designing by the round pond (120 cm in diameter) containing opaque water, adding a non-toxic white ink
(temperature: 26 ± 1 °C) with 30 cm depth. During the acquisition phase, the hidden platform with a
10 cm diameter is hidden 1 cm below the center of the target quadrant. The mice were subjected to a
position navigation test 4 times each day for �ve days. The time (escape latency) and swimming path of
�nding the hidden platform were recorded. If mice were unable to reach the hidden platform after sixty
seconds, swimming time was calculated as 60 sec, and then they were navigated to the hidden platform
to learn for 20 s. On day seven, the platform will be removed. At the same time, the mice were arranged to
swim for 60 s starting from the identical point. The time spent on the target quadrant and crossing times
of the platform location was recorded to appraise the cognitive ability of the SAMP8 mice.

5. Western blotting analysis
Hippocampus was homogenized in pre-cooling RIPA lysis buffer (4 °C, 5 min, 3000 g). Then
homogenates were centrifuged (4 °C, 15 min, 12000 g), and the supernatants were obtained. The
supernatant of protein concentration was determined and corresponding protein was separated between
different groups with SDS PAGE gel. Protein was shifted to the PVDF membranes and blocked with 5%
BSA for 90 min at 37℃. Incubated the protein-containing PVDF membrane with the target antibody
overnight at 4 °C and washed again for 5 min, four times with 1 × TBST. The cleaned PVDF membrane
was incubated with the target secondary antibody (anti-mouse and anti-rabbit) for one hour at 37℃. The
membrane was washed in 1 × TBST 4 times again for 5 min/time. Target protein bands were imaged
using enhanced chemiluminescence reagent (ECL).

6. Measurement of MDA, SOD, NO, and iNOS
Hippocampus was homogenized with pre-cooling 0.9% saline and centrifuged (4 °C, 5 min, 3000 g). The
supernatants were used for detecting the MDA, SOD, NO, and iNOS, based on the manufacturer's
protocols. Their respective absorbance was measured (532 nm, 560 nm, 550 nm, and 530 nm,
respectively) by using Universal Microplate Spectrophotometer.

7. Statistical analysis
Experimental data are presented as mean ± standard error of the mean (SEM). All data were statistically
analyzed by using SPSS 19.0 statistical software (IBM, Endicott, NY). Followed by Dunnett’s post-hoc
test, the differences between groups were analyzed using ANOVA (One-way analysis of variance and
Two-way analysis of variance). Comparative differences were deemed too signi�cant at p-values < 0.05.

Results
BSYZ-E alleviates the spatial learning memory impairments in SAMP8 mice.

As one of the validating behavioral, the MWM test measures to appraise spatial learning memory[19, 20].
As illustrated (Fig. 1), the action of BSYZ-E in spatial learning memory impairments were observed in
SAMP8 mice via the MWM test. Throughout �ve days of training, the mice consecutively shortened the
time of �nding the hidden platforms. The escape latency in the SAMP8 group was markedly longer,
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compared with the SAMR1 group. After treating with BSYZ-E and Donepezil, SAMP8 mice in these groups
spent less time in �nding the target, compared with the mice in the SAMP8 group (Fig. 1A). we removed
the hidden platform on the seventh day in order to permit different groups swimming randomly to
appraise their spatial learning and memory., The SAMP8 group had lesser crossing times and took less
time on the target platform compared to the SAMR1 group. Treating with both BSYZ-E and Donepezil
groups (Fig. 1B-C) had a greater crossing times and more time in the objective platform compared to the
SAMP8 group. The consequence demonstrated that the mice in the SAMP8 group had minor alternations,
compared with those in the SAMR1 group. After treating with BSYZ-E and Donepezil, the proportion of
alternation was considerably enhanced when contrasted with the SAMP8 group.

BSYZ-E modi�es oxidative stress in the hippocampus of SAMP8 mice.

The MDA levels and SOD vitality in the hippocampus was assessed, to dictate the fact of BSYZ-E on anti-
oxidative stress Compared to the SAMR1 group, the MDA level notably heightened in the brain tissue of
the SAMP8 group. After treatment, the MDA level was downregulated in the SAMP8 mice treated by
BSYZ-E, in contrast with the SAMP8 group (Fig. 2). Besides, the SOD vitality of the hippocampus in the
SAMR1 group was remarkably higher than other groups. After the treatment of BSYZ-E or Donepezil, the
vitality of SOD has greatly downregulated when compared to the SAMP8 group. Treatment of mice with
BSYZ-E H or Donepezil signi�cantly improved SOD vitality compared with the vehicle control group.

BSYZ-E ameliorates nitrosative stress in the hippocampus of SAMP8 mice.

The production of NO and iNOS was estimated to evaluate the action of BSYZ-E in SAMP8 mice (Fig. 3).
The NO level was greatly expanded in the SAMP8 group compared to the SAMR1 group. After treating by
BSYZ-E or Donepezil, NO level of the hippocampus in SAMP8 mice was remarkably decreased in all
treatment groups compared with the SAMR1 group, but not back to normal levels. Interestingly, BSYZ-E
(1.46–5.84 g/kg/day) reduced NO levels in dose gradient dependence. Besides, compared to the SAMR1
group, the SAMP8 group has higher expression of iNOS vitality in the hippocampus of the SAMP8 mice.
Treating the SAMP8 mice with BYSZ-E M, BSYZ-E H, and Donepezil considerably decreased the
production of iNOS, in contrast with the SAMP8 group. The effect of BSYZ-E H (5.84 g/kg/day) was more
remarkable than that of the low and middle dose level of BSYZ-E.

BSYZ-E relieves neuronal apoptosis in the hippocampus of SAMP8 mice.

The expression of apoptosis-associated proteins was analyzed by western blot, to further study the
mechanism of neuronal apoptosis in the hippocampus of SAMP8 mice, In the SAMP8 group, the protein
of Bax and Cleaved-Caspase-3 has higher expression, but lower expression in Bcl-2 protein, compared to
the SAMR1 group (Fig. 4). After treatment with BSYZ-E and Donepezil, the expression of Bax and Cleaved-
Caspase-3 severely downregulated, but Bcl-2 protein expression remarkably upregulated. The higher dose
of BSYZ-E in the hippocampus had more signi�cant expression results which demonstrated that BSYZ-E
has the function of alleviating neuronal apoptosis.
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BSYZ-E inhibits NLRP3 in�ammasome activation in the hippocampus of SAMP8 mice.

Western blotting was used to detect the expression of related in�ammatory proteins in the NLRP3
in�ammasome signaling pathway. The results showed (Fig. 5) that the expression of NLRP3, ASC,
Caspase-1, IL-18, and IL-1β increased in the hippocampus of SAMP8 mice, compared to the SAMR1
group. It proves that the hippocampal NLRP3 in�ammasome in SAMP8 mice has been activated.
However, the expression of these proteins was deregulated in the hippocampus of SAMP8 mice after
treating with BSYZ-E and Donepezil. As the dose of BSYZ-E increased, the effect became more
pronounced. It con�rmed that BSYZ-E suppressed the activation of NLRP3 in�ammasome in SAMP8
mice.

Discussion
We illustrated that BSYZ-E could advance age-related cognitive decline in SAMP8 mice in this study.
BSYZ-E modi�ed oxidative stress and nitrosative stress, as well as reduced neuronal apoptosis and
neuroin�ammation.

Advanced age is always a primary hazard of neurodegenerative diseases[21, 22]. Accumulating evidence
suggested that the risk factor of dementia is attributed to age-related neuropathologies[23, 24]. The main
clinical manifestation of aging-induced dementia is cognitive impairment and decline[25]. The
mechanisms of aging-induced dementia are associated with oxidative stress, neuronal apoptosis, and
neuroin�ammation[26]. As a neuropathological animal model, SAMP8 mice have been universally used
for researching accelerated brain-aging and dementia [27, 28]. In this study, SAMP8 mice displayed
distinct age-related deterioration in cognitive ability and relative pathological features. Therefore, SAMP8
mice were deemed as an experimental animal model to investigate whether BSYZ-E could attenuate the
behavioural and pathological of aging-induced dementia in this study. In previous studies, BSYZ-F has
good e�cacy for the treatment of clinical dementia[12]. We also demonstrated that BSYZ-F/BSYZ-E
could improve learning and memory impairment through different signal pathways in different animal
models[29, 30]. In our study, we further studied the mechanism of BSYZ-E alleviating neuroin�ammation
in SAMP8 mice. The MWM test was designed to appraise the cognitive ability in SAMP8 mice. The result
indicated that BSYZ-E could improve cognitive impairments in SAMP8 mice.

Produced by complicated processes, reactive oxygen/nitrogen species formation promotes cellular
senescence and organismal aging[31]. The relation of oxidative/nitrosative stress and accelerated-aging
is well established[32, 33]. Reactive oxygen species (ROS) overproduction contributes to activate the pro-
in�ammatory pathways[34], which promotes neuroin�ammation in aging-induced dementia [35, 36].
Superoxide dismutase (SOD) and Malondialdehyde (MDA), as the oxidative stress-related biomarkers,
indicated the overproduction of ROS. Vivo aging model showed an increase in nitrosative stress with high
expression of nitric oxide (NO) and inducible nitric oxide synthase (iNOS)[37]. In this study, the
application of BSYZ-E and Donepezil can decrease MDA levels and increase SOD vitality in SAMP8 mice.
Besides, NO levels and iNOS vitality in SAMP8 mice have been downregulated under the treatment of
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BSYZ-E and Donepezil. These results manifested the e�ciency of BSYZ-E on alleviating oxidative and
nitrosative stress in SAMP8 mice.

Apoptosis, a programmed cell death, leads to a vicious circle of neurodegenerative diseases like
Alzheimer’s disease[38]. Neuronal degeneration is well known as a primary cause leading to memory loss
in dementia[39]. Aging can promote neural apoptosis by regulating the activation of Caspase cascades
and BAD (Bcl-2-associated death promoter)[40]. Bcl-2 is an anti-apoptosis protein that could inhibit
neuronal apoptosis, and Bax is a homolog of Bcl-2 that could promote apoptosis[41]. The pro-apoptotic
protein Bax activation relevant to the intrinsic mitochondrial apoptotic pathway, followed by Caspase-3
activated, leading to cell death[42]. The results revealed the expression of apoptotic protein (Bax,
Caspase-3, and Cleaved-Caspase-3) prominently declined, yet related anti-apoptosis protein Bcl-2 express
greatly increased after the treatment of BSYZ-E and Donepezil. It demonstrated that BSYZ-E distinctly
decreased neural apoptosis in SAMP8 mice.

In�ammasomes, as a group of large multimeric complex proteins, pertain to a large family of intracellular
pattern recognition receptors[43, 44]. NLRP3 (NOD-, LRR- and pyrin domain-containing 3) in�ammasome,
consisting of NLRP3, ASC, Caspase-1, is a pivotal element of the innate immune system. NLRP3
in�ammasome mediated Caspase-1 activation, pyrolysis as well as promoted the secretion of pro-
in�ammatory cytokines interleukin-18 (IL-18)/IL-1β[45–47]. Multiple endogenous or exogenous danger
signals, including infection and metabolic dysfunction, trigger the in�ammatory reaction initiated by the
NLRP3 in�ammasome[48]. Inhibition of NLRP3 activation can improve cognitive de�cits, including age-
dependent cognitive impairment[11, 49, 50]. The main components of BSYZ-E are analyzed by HPLC in
our previous study[17]. We found that the main components of BSYZ-E include osthole and emodin.
Osthole improved the cognitive function of vascular dementia rats via inhibition NLRP3
in�ammasome[51]. Emodin exerted anti-in�ammatory effects by relieving NLRP3 in�ammasome
activation[52], whose signaling has correlated with the neuroin�ammation[53]. Massive experiments have
determined that the expression of NLRP3 in�ammasome-mediated neuroin�ammation can be assembled
via elevating the expression of NLRP3, ASC, Caspase-1, IL-18, and IL-1β in the hippocampus[44, 54]. In
our study, we discovered higher expression in�ammatory-related proteins, including NLRP3, ASC,
Caspase-1, IL-1β, and IL-18 in the hippocampus of SAMP8 mice than SAMR1 mice, which con�rmed that
NLRP3 in�ammasome activation was recognized in SAMP8 mice. Neuroin�ammation was reduced by
treating with BSYZ-E and Donepezil, which indicated that BSYZ-E could protect against the NLRP3
in�ammasome-mediated neuroin�ammation in SAMP8 mice. Hence, we demonstrated the effect of
BSYZ-E on alleviating NLRP3 in�ammasome-mediated neuroin�ammation in SAMP8 mice.

Conclusion
The study elaborated that BSYZ-E could ameliorate neuroin�ammation through inhibiting NLRP3
in�ammasome activation, which could be a promising dementia therapeutics. Nonetheless, the active
ingredients of BSYZ-E need further analysis, and the further pharmacological mechanism of BSYZ-E is
still needed to be elucidated.
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Abbreviations
TCM Traditional Chinese Medicine

BSYZ-F Bushen-Yizhi Formula

BSYZ-E ethyl acetate extract components of Bushen-Yizhi Formula

SAMP8 Senescence-Accelerated Mouse Prone 8 mice

SAMR1 Senescence-Accelerated Resistant 1 mice

MWM Morris Water Maze

ECL enhanced chemiluminescence

SEM mean ± standard error of the mean

ANOVA Analysis of Variance

SOD Superoxide dismutase

MDA Malondialdehyde

ROS Reactive oxygen species

NO nitric oxide

iNOS inducible nitric oxide synthase

NLRP3 NOD-, LRR- and pyrin domain-containing 3

IL-18 interleukin-18

IL-1β interleukin-1β
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Figure 1

BSYZ-E alleviates the spatial learning memory impairments in SAMP8 mice. (A) Escape latencies in the
Morris Water Maze test during the positioning navigation test. (B) Time spent in the target platform. (C)
The number of times crossing the platform location during the probe trial. BSYZ-E L (1.46g/kg/day);
BSYZ-E M (2.92 g/kg/day); BSYZ-E H (5.84 g/kg/day). Experimental values were expressed as
means±SEM. #p<0.05, ##p<0.01 versus SAMR1 group. *p<0.05, **p<0.01, ***p 0.001 versus SAMP8
group.
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Figure 2

BSYZ-E modi�es oxidative stress in the hippocampus of SAMP8 mice. (A) SOD vitality, (B) MDA level
were measured in the hippocampus. BSYZ-E L (1.46g/kg/day); BSYZ-E M (2.92 g/kg/day); BSYZ-E H
(5.84 g/kg/day). Experimental values were expressed as means±SEM. #p<0.05, ##p<0.01 versus SAMR1
group. *p<0.05, **p<0.01, ***p 0.001 versus SAMP8 group.
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Figure 3

BSYZ-E ameliorates nitrosative stress in the hippocampus of SAMP8 mice. (A) NO level, (B) iNOS vitality
were measured in the hippocampus. BSYZ-E L (1.46g/kg/day); BSYZ-E M (2.92 g/kg/day); BSYZ-E H
(5.84 g/kg/day). Experimental values were expressed as means±SEM. #p<0.05, ##p<0.01 versus SAMR1
group. *p<0.05, **p<0.01, ***p 0.001 versus SAMP8 group.
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Figure 4

BSYZ-E ameliorates neuronal apoptosis in the hippocampus of SAMP8 mice. (A) The western blot of
apoptosis proteins. (B) The expression of Bax in the hippocampus. (C) The expression of Bcl-2 in the
hippocampus. (D) The expression of Caspase-3 in the hippocampus. (E) The expression of Cleaved-
Caspase-3 in the hippocampus. BSYZ-E L (1.46g/kg/day); BSYZ-E M (2.92 g/kg/day); BSYZ-E H (5.84
g/kg/day). Experimental values were expressed as means±SEM. #p<0.05, ##p<0.01 versus SAMR1
group. *p<0.05, **p<0.01, ***p 0.001 versus SAMP8 group.
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Figure 5

. BSYZ-E inhibits NLRP3 in�ammasome activation in the hippocampus of SAMP8 mice. (A) The western
blot of in�ammation proteins. (B) The expression of NLRP3 in the hippocampus. (C) The expression of
ASC in the hippocampus. (D) The expression of IL-18 in the hippocampus. (E) The expression of
Caspase-1 in the hippocampus. (F) The expression of IL-1β in the hippocampus. BSYZ-E L
(1.46g/kg/day); BSYZ-E M (2.92 g/kg/day); BSYZ-E H (5.84 g/kg/day). Experimental values were
expressed as means±SEM. #p<0.05, ##p<0.01 versus SAMR1 group. *p<0.05, **p<0.01, ***p 0.001
versus SAMP8 group.
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