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Abstract: Schisandrin, an active component extracted from Schisandra chinensis (Turcz.) Baill has been reported 
to alleviate the cognitive impairment in neurodegenerative disorder like Alzheimer’s disease (AD). However, the 
mechanism by which schisandrin regulates the cognitive decline is still unclear. In our study, intracerebroventricular 
injection of streptozotocin (STZ) was employed to establish AD model in male Wistar rats, and indicated dose of 
schisandrin was further administered. The Morris water maze test was performed to evaluate the ability of learning 
and memory in rats with schisandrin treatment. The results indicated that schisandrin improved the capacity of 
cognition in STZ-induced rats. The contents of pro-inflammatory cytokines in brain tissue were determined by 
ELISA, and the expressions of these cytokines were assessed by western-blot and immunohistochemistry. The 
results showed that treatment of schisandrin significantly reduced the production of inflammation mediators including 
tumor necrosis factor-α, interleukin-1β and interleukin-6. Further study suggested a remarkable decrease in the 
expressions of ER stress maker proteins like C/EBP-homologous protein, glucose-regulated protein 78 and cleaved 
caspase-12 in the presence of schisandrin, meanwhile the up-regulation of sirtuin 1 (SIRT1) was also observed in 
the same group. Additionally, the results of western-blot and EMSA demonstrated that schisandrin inhibited NF-κB 
signaling in the brain of STZ-induced rats. In conclusion, schisandrin ameliorated STZ-induced cognitive dysfunction, 
ER stress and neuroinflammation which may be associated with up-regulation of SIRT1. Our study provides novel 
mechanisms for the neuroprotective effect of schisandrin in AD treatment.
Key words: Alzheimer’s disease, endoplasmic reticulum (ER) stress, neuroinflammation, schisandrin, sirtuin 1 
(SIRT1)

Introduction

Alzheimer’s disease (AD) is a typical neurodegenera-
tive disorder that mainly occurs among the older people 
[4, 5]. According to the latest report, approximately 44 
million people are suffering from the AD which leads to 

an increasingly economic burden for society [4]. The 
phenotypic characteristics of Alzheimer’s disease (AD) 
are loss of memory, impairment of social behaviors and 
alterations in personality [4, 8]. This kind of cognitive 
deficit caused by Alzheimer’s disease is always accom-
panied with the up-regulation of acetylcholinesterase 
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(AChE) activity, tau phosphorylation and amyloid ag-
gregation [5, 8]. The etiology and pathogenesis of AD 
are very complex, and some reports have suggested that 
a variety of biochemical and molecular alteration is in-
volved in the AD pathology, such as the alteration of 
oxidative stress, impairment of mitochondria and apop-
tosis [24]. Moreover, some studies find out that chronic 
neuroinflammatory response induced by activated mi-
croglia may be the one of the major etiologies of AD. 
The activation of microglia leads to the production of 
pro-inflammatory cytokines which induces the chronic 
inflammatory response and partly mediates the neuronal 
death and synaptic impairment in AD [24]. The endo-
plasmic reticulum (ER) stress is also regarded as an-
other significant factor leading to the occurrence of AD. 
The amassment of misfolded protein and dysregulation 
of Ca2+ signaling are considered to induce the ER stress 
and cause the dysfunction of neuronal and cell death 
[10].

Schisandrin is an active component extracted from the 
fruit of schisandra chinensis Baill [34], and it has been 
reported to function in various diseases. Positive involve-
ment of schisandrin is demonstrated in MPTP-induced 
Parkinson’s disease [33], breast cancer [30], and Al-
zheimer’s disease [21]. As a traditional medicine, 
schisandrin possesses various pharmacological proper-
ties, such as anti-oxidative activity and anti-inflamma-
tion. Schisandrin can repress the microglia-induced 
neuroinflammation via inhibiting the NF-κB and JAK-
STAT3 pathway [33]. In addition, schisandrin can also 
function as the activator of sirtuin 1 (SIRT1), a member 
of the class II histone deacetylase family. It has been 
proved that STRT1 plays an important role in regulating 
inflammation and endoplasmic reticulum stress [31]. 
However, the comprehensive identification whether 
schisandrin negatively mediates the neuroinflammation 
and endoplasmic reticulum stress by regulating STRT1 
is still unclear.

In our study, we aim to figure out whether schisandrin 
ameliorates the neuroinflammation and ER stress in 
streptozotocin (STZ) induced AD model and enrich the 
therapeutic effect of schisandrin.

Material and Methods

Animals
Male Wistar rats (3–4 months old) weighing 300–400 

g were purchased from Animal Experimental Center of 
Harbin Medical University (Harbin, China). Animals 
were maintained with enough food and water on a 12/12 
h light/dark circle under the temperature of 25 ± 1°C and 
humidity of 45–55%. There are at least 6 rats in each 

group. The experiments were approved by the Animal 
Ethics Committee of the First Affiliated Hospital of Har-
bin Medical University and all efforts were made to 
minimize the number of animals and their suffering.

Drugs and antibodies
STZ (purity ≥ 98%) was purchased from Aladdin re-

gents Co., Ltd., Shanghai, China. Schisandrin (Sch) 
(purity ≥ 98%) was purchased from Dalian Melun Bio-
technology Co., Ltd., Dalian, China. TNF-α antibody 
(17590-1-AP), CHOP antibody (15204-1-AP), SIRT1 
antibody (13161-1-AP), NF-κB antibody (14220-1-AP) 
and reference antibody GAPDH (60004-1-Ig) were pur-
chased from Proteintech Inc. (Wuhan, China). IL-1β 
antibody (A1112), IL-6 antibody (A0286) and GRP78 
antibody (A0241) were purchased from ABclonal (Wu-
han, China). Cleaved caspase-12 antibody (GTX59923) 
and reference antibody Histone H3 (GTX122148) were 
purchased from Gene Tex (Irvine, CA, USA). IκBα 
(AF5002), p-IκBα (AF2002) and IKKα/β (AF6014) an-
tibodies were purchased from Affinity (Beijing, China). 
p-IKKα/β antibody (#2697) was purchased from Cell 
Signaling Technology (Danvers, MA, USA). Goat anti 
rabbit IgG (SE134) and goat anti mouse IgG (SE131) 
were purchased from Solarbio Science & Technology 
(Beijing, China).

Establishment of AD model and drug treatment
Rats were randomly divided into four groups (n=6 per 

group): control, STZ, STZ with low dose of Sch (Sch+L), 
STZ with high dose of Sch (Sch+H). The STZ groups 
with or without Sch treatment were administrated with 
bilateral intracerebroventricular (ICV) injections of STZ 
(3 mg/kg total dose) diluted in sterile 0.9% saline (4.5µl 
for a single injection). The control group was injected 
with the same volume of sterile 0.9% saline. Two weeks 
after the treatment of STZ, the schisandrin treated groups 
were separately administrated with indicated dose of Sch 
for 2 weeks (2 mg/kg/d or 4 mg/kg/d) by intraperito-
neal injection. The control and the STZ treated group 
were intraperitoneally received the same volume of 
sterile 0.9% saline. After the treatment of schisandrin, 
some of the rats were sacrificed and others were used for 
Morris water maze test. Brains were collected and rinsed 
with ice-cold PBS (0.01 M, pH 7.4) to get rid of the 
excess blood. The brain tissues were stored at −80°C.

Morris water maze test
The Morris water maze (MWM) test was performed 

to assess whether schisandrin treatment could alleviate 
the impairment of learning and memory in AD rats. The 
Morris water maze is a stainless-steel circular water tank 
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(120 cm diameter×50 cm in height) with a platform (10 
cm diameter) setting in the second quadrant, and the 
distance below the water surface is 1cm. The temperature 
of the water was set at 25 ± 1°C. For navigation test, it 
was conducted twice a day for five continuous days. 
Firstly, the rats were placed in the water facing the wall 
of pool, and allowed to explore the hidden platform 
within 90 s. The escape latency was recorded when the 
rats succeed in finding the platform and stayed on it for 
2 s. If the rats did not find the platform within 90 s, the 
latency was recorded as 90 s and the rats were guided to 
the platform and stayed there for 15 s. The probe trial 
was performed 24 h after the last training for the naviga-
tion test, the platform was taken away and the rats were 
placed in the water facing the wall of pool and allowed 
to search for the platform freely for 90 s. The number of 
platform position crossings was recorded.

ELISA
Tissue samples (100 mg) were homogenized with PBS 

at the ratio of 1:9, and then centrifuged at 430 g for ap-
proximately 10 min at 4°C, and the supernatants were 
used for ELISA quantification. The experiments were 
performed according to the manual instructions (Multi-
Sciences Biotech Co., Ltd., Hangzhou, China). The 
ELISA assay was measured at 450 nm and the results 
are expressed as pg/ml of total protein.

Western-blot analysis
The RIPA lysis buffer comprises of 50 mM Tris-HCl, 

300 mM NaCl, 0.5% TritonX-100, and 5 mM EDTA. 
The brain tissues were dissociated with indicated RIPA 
containing PMSF with the final concentration of 1 mM 
on ice for 5 min and then centrifuged at 10,000 g for 5 
min at 4°C. The supernatants were collected and the 
total protein was measured by BCA protein quantifica-
tion kit (PC0020, Solarbio Science & Technology, Bei-
jing, China). The nuclear and cytoplasmic proteins were 
extracted by nuclear protein extraction kit (R0050, So-
larbio Science & Technology). Protein samples were 
loaded on SDS-polyacrylamide electrophoresis gels, 
transferred onto polyvinylidenedifluoride (PVDF) mem-
branes, and blocked with 5% skim milk in Tris buffered 
saline–Tween20 (TBST). The membranes were incu-
bated with primary antibodies; rabbit anti-TNF-α (1:500, 
Proteintech), rabbit anti-IL-6 (1:1,000, Abclonal), rabbit 
anti-IL-1β (1:500, Abclonal), rabbit anti-GRP78 
(1:1,000, Abclonal), rabbit anti-cleaved caspase-12 
(1:200, GeneTex), rabbit anti-CHOP (1:500, Protein-
tech), rabbit anti-SIRT1 (1:500, Proteintech), rabbit anti-
IκBα (1:1,000, Affinity), rabbit anti-p-IκBα (1:1,000, 
Affinity), rabbit anti-IKKα/β (1:1,000, Affinity), rabbit 

anti-p-IKKα/β (1:1,000, Cell Signaling Technology, 
Danvers, MA, USA), rabbit anti-NF-κB (1:1,000, Pro-
teintech), mouse anti-GAPDH (1:10,000, Proteintech) 
and mouse anti-Histone (1:5,000, GeneTex), overnight 
at 4°C, then followed by the incubation with the goat 
against rabbit/mouse HRP-conjugated secondary anti-
bodies (1:3,000, Solarbio Science & Technology) for 1 
h at 37°C. The results were visualized by enhanced che-
miluminescence (Solarbio Science & Technology) and 
band intensities of the western blot were analyzed using 
Gel-Pro-Analyze software.

Immunohistochemistry
The brain tissues were frozen in ethanol and stored at 

−80°C until sectioning. Tissues were dehydrated in a 
series of graded alcohols after rinsing with water. The 
brain tissues were displayed by paraffin-section method. 
The paraffin sections were dewaxed, rehydrated and then 
placed in the boiled citrate buffer (10 m mol/ L, pH 6.0) 
for another 10 min using a microwave oven for antigen 
retrieval. After that, the sections were incubated with 3% 
H2O2 for 15 min at room temperature to eliminate the 
activity of endogenous peroxidase. Subsequently, the 
sections were washed with PBS and blocked with normal 
goat serum (SL038, Solarbio Science & Technology) for 
15 min at room temperature. After the last step, the sec-
tions were incubated with the primary rabbit anti-TNF-α 
(bs-10802R), IL-6 (bs-4539R) and IL-1β (bs-0812R) 
antibodies (1:200, BIOSS, Beijing, China) overnight at 
4°C. After washing, the sections were incubated in HRP-
conjugated goat anti-rabbit IgG (#31460, 1:500, Ther-
moFisher, Waltham, MA, USA) at 37°C for 1 h followed 
by the DAB incubation. The sections were redyed with 
hematoxylin for another 3 min. After dehydration, trans-
parency and sealing, the images were maintained using 
a microscope (Olympus DP73, Tokyo, Japan).

Immunofluorescence
After the section preparation and antigen retrieval, the 

sections were washed with PBS and blocked with normal 
goat serum (SL038, Solarbio Science & Technology) for 
15 min at room temperature. Then, the sections were 
incubated overnight at 4°C with the primary rabbit anti-
CHOP (1:200, Proteintech) antibody, mouse anti-GFAP 
(1:50, Santa Cruz Biotechnology, Santa Cruz, CA, USA) 
antibody and mouse anti-Iba1 (1:200, Genetex) antibody. 
After washing, the sections were incubated in Cy3-
conjugated and FITC-conjugated secondary antibodies 
(A0516, A5608, 1:200, Beyotime Biotechnology, 
Haimen, China) for 1 h at room temperature in the dark. 
The sections were further treated with DAPI for another 
20 min at room temperature. After the washing and seal-
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ing, the images were observed using a fluorescence 
microscope (DP73, Olympus, Tokyo, Japan).

Quantification of SIRT1 activity
The activity of SIRT1 was measured under the guid-

ance of the manual instructions (GMS50287.2, Genmed 
Scientifics, Shanghai, China).

Real-time quantitative PCR
Real-time PCR was performed to detect the mRNA 

expression level of Sirt1 in rat brain tissue. Total RNA 
was extracted with TRIpure (DP419, Tiangen Biotech, 
Beijing, China) and the concentration of total RNA was 
further determined by ultraviolet spectrophotometer 
(NANO 2000, ThermoFisher). Subsequently, cDNA was 
obtained by the reverse transcriptase Super M-MLV 
(NG212, Tiangen Biotech). The following primers were 
used for real-time PCR:

SIRT1-F: 5’- ATAAATAGGGAACCTCTGCC-3’;
SIRT1-R: 5’- GCTTTACAGGGTTACAACAA-3’;
GAPDH-F: 5’- CGGCAAGTTCAACGGCACAG -3’;
GAPDH-R: 5’- CGCCAGTAGACTCCACGACAT 

-3’;
Real time quantitative PCR was conducted according 

to the protocol using the SYBR Green (SY1020, Solar-
bio Science & Technology) on ExicyclerTM96 machine 
(Bioneer Co, Daejeon, Korea). The data was analyzed 
and the amount of mRNA was calculated using 2-ΔΔCT.

Electrophoretic Mobility Shift Assay (EMSA)
For EMSA, biotin-labeled double-stranded NF-κB 

motif oligos (5’- AGT TGA GGG GAC TTT CCC AGG 
C-3’) purchased from Beyotime Biotechnology 
(GS056B) were applied as probe. Nuclear proteins ex-
tracted from the brain tissues were evaluated by EMSA 
to assess their DNA binding activity. The reaction mix 
was made at the appropriate ratio according to the in-
struction (GS009, Beyotime Biotechnology) and the 
probe should be added at the last step. The reaction mix 
was separated on 6.5% nondenaturing polyacrylamide 
gel in 0.25×TBE pre-cooling buffer. The gel was run on 
the ice at 180 V for 80 min and it was further transferred 
onto the nylon membrane, then the DNA was cross-
linked by the UV-light cross-linker. Subsequently, the 
membrane was incubated with the streptavidin-HRP 
conjugate (1:750, Beyotime Biotechnology) for 20 min 
at room temperature after blocking and washing. The 
membrane was then added with ECL (Beyotime Bio-
technology) working solution and reacted for 5 min. It 
was covered with plastic wrap and exposed in the dark 
room for imaging.

Statistical analysis
All values were expressed as the means ± SD, statisti-

cal analysis was performed using GraphPad Prism. Com-
parisons between groups were made by using one-way 
ANOVA followed by Tukey’s tests. P values of less than 
0.05 were considered statistically significant.

Results

Schisandrin ameliorates the impairment of cognition 
in STZ-induced rats

Cognitive impairment and progressively loss of mem-
ory are the most characteristic symptoms of AD, and 
ICV-injection of STZ successfully simulated the cogni-
tive decline in rats [8]. To investigate whether schisan-
drin alleviated the STZ-induced cognitive decline in rats, 
the Morris water maze test was performed to assess the 
capacity of spatial memory in AD rats with or without 
schisandrin treatment. We found that the escape latency 
was much longer in STZ treated rats than that in normal 
rats, while the treatment of 4 mg/kg of Sch significantly 
reduced the escape latency of the rats (Fig. 1A). The 
results of probe trial demonstrated that the numbers of 
crossing the platform in STZ treated rats were signifi-
cantly less than that in the control rats, whereas the treat-
ment of Sch increased the frequency of crossing the 
platform in dose-dependent manner (Fig. 1B), which 
indicated that Schisandrin could ameliorate the impair-
ment of cognition in STZ-induced rats.

Sch isandr in  inh ib i ts  the  STZ- induced 
neuroinflammation in rats

Neuroinflammation is another significant feature of 
AD. To determine whether Sch suppressed the neuroin-
flammation in STZ-induced rats, the secretion of inflam-
mation mediators was measured by the ELISA assay kit. 
The results indicated that STZ treatment could signifi-
cantly raise the contents of TNF-α, IL-6 and IL-1β in 
brain tissue compared to the normal group, and treatment 
with Sch could decrease the production of TNF-α, IL-6 
and IL-1β induced by STZ (Figs. 2A–C). Immunoblot 
analysis and immunohistochemistry were further per-
formed to evaluate the expression levels of these inflam-
mation mediators in the brain tissue. Obvious increased 
expressions of TNF-α, IL-6 and 1L-Iβ were observed in 
the STZ-treated group compared with the normal group, 
while treatment of schisandrin dose-dependently de-
creased the expression levels of these pro-inflammatory 
cytokines (Figs. 2D and E), which indicated that schisan-
drin alleviated the neuroinflammation in the brain of 
STZ-induced AD rats.
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Schisandrininhibits STZ-induced endoplasmic 
reticulum stress in rats

The response of endoplasmic reticulum stress is con-
sidered as a momentous process in the etiology of AD. 
To clarify whether schisandrin inhibited the STZ-induced 
endoplasmic reticulum stress in AD rats, immunofluo-
rescence staining was performed to detect the expression 
of C/EBP Homologous Protein (CHOP), an ER stress 
marker. The results showed that Sch treatment led to 
obvious attenuation of CHOP against the STZ treatment 
(Fig. 3A). The results of western-blot in Fig. 3B showed 
that the expression of CHOP was significantly elevated 
in the brain of STZ rats while Sch treatment caused re-
markable down-regulation of CHOP against STZ rats 
(Fig. 3B). Western-blot analysis was also performed to 
detect the expression of glucose-related protein 78 
(GRP78) and cleaved caspase-12, and the results indi-
cated that Sch significantly reduced the expressions of 
these ER stress markers which were up-regulated in STZ 
rats (Fig. 3C). Actually, we further investigated the cell 
types in which the schisandrin-induced alleviation of ER 
stress was arisen. Using the immunochemical markers 
(GFAP for astrocyte; Iba1 for microglia) for the deter-

mination of brain cell types in rats, we have figured out 
that staining of CHOP in nucleus (marked with red ar-
rowhead) was found to be surrounded with staining of 
GFAP, indicating the whole cellular structure of astro-
cyte. CHOP is present in the cytoplasm under non-
stressed conditions and ER stress leads to its nuclear 
accumulation, while the location of marker protein 
(GFAP and Iba1) was shown to be cytoplasm in our 
study. We thus thought that schisandrin-induced allevia-
tion of ER stress was mainly present in astrocyte, while 
not in microglia (Figs. 3D and E).

Schisandrin enhances the activity of SIRT1 in STZ-
treated rats

SIRT1 is attributed to the class II histone deacetylase 
family which has been confirmed to play an important 
role in the acquisition and maintenance of memory [7].
To determine whether schisandrin enhanced the activity 
of SIRT1 in STZ-induced AD rats, western-blot analysis 
and real-time PCR were firstly performed to evaluate the 
expression level of SIRT1 in rat brain tissues. As shown 
in Figs. 4A and B, STZ significantly reduced the expres-
sion levels of SIRT1, while treatment of Sch up-regulat-
ed the mRNA and protein levels of SIRT1 in the contrast 
to STZ. As shown in Fig. 4C, STZ treatment signifi-
cantly reduced the activity of SIRT1 compared with the 
control, while the treatment of high dose of Sch enhanced 
activity of SIRT1 compared to the STZ treatment.

Schisandrin restrains the NF-κB signaling in STZ-
induced rats

The nuclear transcription factor (NF-κB) participates 
in the mediation of inflammatory response. Results of 
western-blot showed the degradation of IκBα and the 
phosphorylation of IκBα and IKKα/β in STZ induced 
group which was reversed after schisandrin treatment 
(Figs. 5A and B). In addition, significant decrease of 
NF-κB in cytoplasm while the augment in nucleus were 
found after the treatment of STZ, and schisandrin showed 
the inhibitory effect compared with STZ treatment (Fig. 
5C). EMSA was next performed to determine the NF-κB 
DNA binding activity, and results in Fig. 5D indicated 
that schisandrin remarkably inhibited the DNA binding 
ability to NF-κB.

Discussion

In the present study, we found the relief of neuroin-
flammation and ER stress by schisandrin in STZ-induced 
AD models. Alzheimer’s disease is clinically divided 
into two types including sporadic AD (SAD) and famil-
ial AD (FD), and the SAD accounts for 95% of the all 

Fig. 1.	 Schisandrin ameliorates the impairment of cognition in 
streptozotocin (STZ)-induced rats. (A) The escape la-
tency to find the hidden platform. (B) The number to cross 
the platform within 60 s. Values are expressed as mean ± 
SD. n=6. Compared with control group: #P<0.05, ##P<0.01, 
###P<0.001, ####P<0.0001; Compared with STZ group, 
*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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AD cases [16]. Intracerebroventricular (ICV) injection 
of streptozotocin (STZ) is a universally accepted meth-
od to establish the model of sporadic ADs [3, 23]. Pre-
clinical studies have found the memory and learning 
deficits along with the observation of cerebral atrophy, 
amyloid plaques, and neurofibrillary tangles in STZ-
treated rats [13]. Schisandrin has been suggested the 
potential to exert the neuroprotective effect on Alzheim-

er’s disease [27]. The Morris water maze test was per-
formed in our study after the treatment of schisandrin. 
The results showed that schisandrin significantly allevi-
ate the decline of memory and learning abilities in STZ 
rats which indicated the anti-AD effect of schisandrin.

It is known that sporadic AD is widespread with an 
unclear etiology compared to familial AD with genetic 
origin. There are varieties of hypotheses to clarify the 

Fig. 2.	 Schisandrin inhibits the streptozotocin (STZ)-induced neuroinflammation in the brain of rats. Production of 
TNF-α (A), IL-6 (B) and IL-1β (C) were detected by ELISA assay kits. (D) The protein expressions of TNF-α, 
IL-6 and IL-1β were detected by western-blot. (E) The expressions of TNF-α, IL-6 and IL-1β were detected 
by immunohistochemical staining, and changes in the region of cerebral cortex were particularly observed. 
Scale bar: 50µm. Values are expressed as mean ± SD. n=6. Compared with control group: #P<0.05, ##P<0.01, 
###P<0.001, ####P<0.0001; Compared with STZ group, *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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cause of SAD, while the ultimate etiology of SAD re-
mains to explore. In our study, we found that inflamma-
tory response was activated in STZ induced rats. The 
expressions of pro-inflammatory cytokines including 
TNF-α, IL-6 and IL-1β were significantly elevated in 
AD model. TNF-α is released by lymphocytes, fibro-
blasts, leukocytes and epithelial cells and functions 

mainly by interacting with the Tumor necrosis factor 
receptors (TNFRs) [2]. TNF-α is a critical pro-inflam-
matory cytokine which activates the subsequent inflam-
matory response by triggering various signaling path-
ways and stimulates the expressions of IL-6 and IL-1β, 
these cytokines ultimately resulted in inflammation and 
activation of NF-κB [15].Previous studies have sug-

Fig. 3.	 Schisandrin alleviates streptozotocin (STZ)-induced endoplasmic reticulum stress in the brain of rats. (A) 
The expression of CHOP was analyzed by immunofluorescence assay, and changes in the region of cerebral 
cortex were particularly observed. Scale bar: 50µm. The protein levels of CHOP (B), GRP78 and cleaved 
caspase-12 (C) were detected by western-blot. (D) Representative images of double immunofluorescent 
staining for CHOP and astrocyte marker (GFAP). Scale bar: 50µm. (E) Representative images of double 
immunofluorescent staining for CHOP and microglia marker (Iba1). Scale bar: 50µm.Values are expressed 
as mean ± SD. n=6. Compared with control group: #P<0.05, ##P<0.01, ###P<0.001, ####P<0.0001; Compared 
with STZ group, *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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gested that neuroinflammatory response in the brain is 
a significant pathological feature of AD [19]. Our study 
indicated that schisandrin significantly decreased the 
expression of these cytokines in a concentration depen-
dent manner which showed the inhibitory effect of 
schisandrin on inflammation. Furthermore, activation of 
ER stress response was found along with neuroinflam-
mation. We discovered that expressions of ER stress 
markers including GRP78, CHOP and cleaved cas-
pase-12 were evidently up-regulated in STZ induced AD 
rats. The ER stress is mainly caused by the accumulation 
of unfolded or misfolded protein inside the ER, and ex-
cess ER stress response also leads to cell damages [12]. 
GRP78 is a vital endoplasmic reticulum chaperone which 
can function in various processes except for ER stress 
including cell proliferation, protein maturation, folding 
and transport [17]. CHOP is a key molecule in the down-
stream of PERK, and ER stress can be mediated by the 
PERK-CHOP pathway [11]. Caspase-12 is another 
marker of ER stress which is cleaved into active frag-
ment on ER stress [22].The augment of these ER stress 
markers is considered to correlate with increased cal-
cium level and directly destroys the balance of calcium 
homeostasis which is another important characteristic of 
AD [5, 12, 16]. Results in our study showed the decrease 

in the expression of GRP78, CHOP and cleaved cas-
pase-12 after treatment of schisandrin which indicated 
the positive effect of schisandrin on ER stress. Astrocytes 
and microglia are important regulators of inflammatory 
response in the central nervous system (CNS). Reactive 
astrocytes and microglia are found in AD and contribute 
to the progression of Alzheimer’s disease [6]. The find-
ings in the present study indicated the potential involve-
ment of astrocyte in the ER stress altered in the STZ-
induced AD brain. As we know, CHOP is present in the 
cytoplasm under non-stressed conditions and ER stress 
leads to its nuclear accumulation. In our study, GFAP 
and Iba1 localized in cytoplasm, and some staining of 
CHOP in nucleus was found to be surrounded with stain-
ing of GFAP, but not Iba1, indicating that schisandrin-
induced alleviation of ER stress was mainly present in 
astrocytes.

Sirtuin 1 (SIRT1) is a deacetylase dependent on NAD+ 
and has been reported to function in various pathological 
processes including atherosclerosis, diabetes and cardio-
myopathy [26]. Early study finds out that the expression 
level of SIRT1 in hippocampus is notably reduced in 
SAMP8 model which has been regarded as a good 
model for cognitive deficits-related disorders [7]. Fur-
thermore, SIRT1 participates in the regulation of histone 

Fig. 4.	 Schisandrin enhances the activity of SIRT1 in the brain of rats. (A) The protein level of SIRT1 
was detected by western-blot. (B) The mRNA level of Sirt1 was measured by Real-time quan-
titative PCR. (C) The activity of SIRT1 was tested by an assay kit. Values are expressed as 
mean ± SD. n=6. Compared with control group: #P<0.05, ##P<0.01, ###P<0.001, ####P<0.0001; 
Compared with streptozotocin (STZ) group, *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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acetylation that has been considered to have an important 
role in the maintenance and acquisition of memory [7]. 
SIRT1 has been reported to relieve the ER stress and 
inflammation [1]. It is demonstrated that SIRT1 may 
alleviate the ER stress-regulated apoptosis via the de-
creased expression of CHOP and inactivation of cas-
pase-12 [22]. Moreover, SIRT1 suppresses the ER stress 
through the mediation of eIF2α deacetylation [20]. The 
anti-inflammatory effect of SIRT1 has been confirmed 

as attenuation in acetylation of GATA3 and inhibition of 
Akt/NF-κB signaling [18]. To fully figure out whether 
schisandrin mediates SIRT1 to underlie the anti-inflam-
mation and ER stress effects in AD rats, the protein and 
mRNA levels along with activity of SIRT1 in AD rats 
with schisandrin treatment were further evaluated. The 
results indicated that the treatment of schisandrin led to 
a compensatory activation of SIRT1 in AD rats. Acti-
vated SIRT1 has been determined to exert reversal effects 

Fig. 5.	 Schisandrin inhibits the NF-κB signaling in the brain of rats. The protein levels of IκBα and p-IκBα (A); IKKα/β 
and p-IKKα/β (B) were analyzed by western-blot. (C) The protein levels of NF-κB extracted from cytoplasm 
and nucleus were analyzed by western-blot. (D) The activity of NF-κB-DNA binding was determined by the 
EMSA. Values are expressed as mean ± SD. n=6. Compared with control group: #P<0.05, ##P<0.01, ###P<0.001, 
####P<0.0001; Compared with streptozotocin (STZ) group, *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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on memory impairment [7, 29]. Additionally, previous 
studies have demonstrated that schisandrin functions in 
different process via suppression of NF-κB pathway. 
Schisandrin is reported to restrain the cartilage degrada-
tion and inflammation by inhibiting the MAPK and NF-
κB pathway [25]. Schisandrin reveals the anti-toxicity 
through the activation of the Nrf2 pathway and inhibition 
of MAPKs and NF-κB pathway [14]. In our study, the 
degradation of IκBα and the phosphorylation of IκBα 
and IKKα/β in STZ induced group were significantly 
reversed after schisandrin treatment. Usually, NF-κB 
stays in inactive form with the inhibitory protein IκB. 
Once the subunit IκBα activated by cytokines, it is phos-
phorylated and degraded which leads to the translocation 
of NF-κB into nucleus, triggering the downstream gene 
transcription [9, 15]. The translocation and DNA binding 
activity of NF-κB were also remarkably inhibited with 
schisandrin treatment in our study which indicated that 
schisandrin negatively regulated the NF-κB pathway in 
the brain of AD rats.

Actually, the direct target of schisandrin in AD still 
remains unclear. Previous study has only indicated that 
schisandrin mediates the expression of the glycogen 
synthase kinase (GSK)-3β, protein kinase B (Akt) and 
Tau protein in SH-SY5Y cell model of AD, while with-
out the confirmation of the direct target [32]. However, 
based on the target-network pharmacology strategy, 
several target genes implicated with AD such as the ace-
tyl cholinesterase, inducible nitric oxide synthase, gly-
cogen synthase kinase 3β, and hemeoxygenase 1, have 
been predicted to associate with active ingredients such 
as schisandrin from Schisandra chinensis (Turcz.) Baill 
[28]. This may provide some references for the investi-
gation on the direct target of schisandrin in AD. In our 
study, we found out that schisandrin attenuates neuroin-
flammation and ER stress in STZ-induced AD model. 
Besides, the up-regulated SIRT1 and alleviation of ER 
in astrocytes were also revealed after schisandrin treat-
ment. Though targets of schisandrin in AD is particu-
larly complex, our findings still provide novel mecha-
nisms for the neuroprotective effect of schisandrin in AD 
model.
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