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Effect of the herbal formulation Shen-Zhi-Ling on an
APP/PS1 mouse model of Alzheimer's disease by modulating
the biliverdin reductase/heme oxygenase 1 system
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Abstract. Shen-Zhi-Ling (SZL) oral liquid is a traditional
Chinese medicine formula that is mainly used for the clinical
treatment of mild to moderate Alzheimer's disease (AD). The
aim of the present study was to investigate the effects and
underlying mechanisms of SZL treatment on AD. APP/PS1
transgenic mice were utilized to evaluate the effect of SZL
treatment (0.5 g/20 g/day). Morris water maze and Thioflavin
S staining analyses were used to evaluate the cognitive impair-
ment and B-amyloid plaques, respectively, while quantitative
polymerase chain reaction and western blot analysis were
performed to examine the mRNA and protein expression
levels of heme oxygenase 1 (HO-1) and biliverdin reductase
(BVR). Furthermore, immunofluorescence staining was used
to measure the BVR and HO-1 protein levels in the hippo-
campus. The findings of the current study demonstrated that
SZL treatment was able to ameliorate the impairment of
memory and reduce the accumulation of amyloid plaques, and
its ameliorating effects may be attributed to the modulation
of the HO-1/BVR system in the hippocampus. These results
indicate that SZL may be a possible complementary and alter-
native therapy to delay the development of AD.

Introduction
Alzheimer's disease (AD) is the most common type of

dementia and it was estimated that >44 million people in 2015
had AD and this figure is expected to increase to 135 million
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by 2050 throughout the world (1). Neuropathological studies
have confirmed that extracellular senile plaque deposition,
intracellular nerve fiber tangles and neuronal degeneration
loss are the main pathological features of AD (2-4). With the
population aging, AD is predicted to become an important
worldwide disease threatening human health.

The US Food and Drug Administration have approved
five drugs, including donepezil, memantine, galantamine,
rivastigmine and tacrine, for the treatment of AD; however,
these only provide mild symptomatic relief and do not prevent
the development of dementia (5). Therefore, there is a require-
ment for alternative drugs for the treatment of AD. In addition,
accumulating studies have recently demonstrated that herbal
preparations may provide a prospective alternative in the
treatment of dementia due to better compliance and reduced
side effects (6,7). Shen-Zhi-Ling (SZL) oral liquid is China's
first approved compound of traditional Chinese medicine
(TCM) for mild to moderate AD. Previous evidence from
clinical and experimental studies has demonstrated that SZL
can improve the cognitive function of patients with mild to
moderate AD (8), and raise the brain function by increasing
the connectivity between posterior cingulated gyrus and
specific areas in the brain (9). However, the exact mechanism
underlying SZL-mediated cognitive improvements remains
unknown. Collectively, these earlier studies suggest that the
beneficial effect of SZL concoction involves multiple targets
and pathways. Therefore, the present study aimed to identify
target proteins of the SZL concoction that were particularly
associated with the treatment of AD.

Materials and methods

Ethics statement. All procedures were performed in accor-
dance with the Guide for the Care and Use of Medical
Laboratory Animals (Ministry of Health of China, 1998)
and the guidelines of the Shanghai University of Traditional
Chinese Medicine (Shanghai, China) Laboratory Animal Care
and Use Committee. Animal suffering and discomfort were
minimized.

APP/PSI transgenic mice and drug treatment. In total,
20 male APP,./PS1,z, (APP/PSI) transgenic mice (age,
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6 months; weight, 26+3 g) and 10 male C57BL/6 mice (age,
6 months; (weight, 27+2 g) were used in the present study. The
APP/PS1 mouse strain (10) is a double-transgenic hemizygote
that expresses a chimeric mouse/human amyloid precursor
protein and mutant human presenilin-1. The transgenic mice
were used as they develop behavioral and pathology features
of AD similar to patients and the mice have been widely
used in AD studies worldwide (11). C57BL/6 mice were
used as age-matched controls and APP/PSI transgenic mice
were purchased from the Model Animal Research Center of
Nanjing University (Nanjing, China), while C57BL/6 mice
were obtained from the Experimental Animal Center of
Shanghai Academy (Shanghai, China). The mice were housed
in a controlled specific-pathogen-free environment (22+3°C;
60% relative humidity; and access to a 12-h light/dark cycle)
and ad libitum access to water and food.

SZL, which is the TCM formula used in this study, is an
oral liquid consisting of 10 types of TCM components (10 ml
each; 74.5 g crude drug), as follows: Codonopsis pilosula,
Cassia Twig, Paeonia lactiflora, honey-fried Licorice
root, Poria cocos, Rhizoma Zingiberis, Radix Polygalae,
Acorus tatarinowii, Ossa Draconis and Concha Ostreae.
Detailed extraction and quality control information
was obtained from the manufacturer (Shandong Wohua
Pharmaceuticals Co., Ltd., Weifang, China). Mice were divided
into three groups, with 10 mice per group, as follows: C57BL/6
(control), APP/PS1, and APP/PS1+SZL groups. The AD model
group (APP/PS1 group) contained APP/PS1 mice that received
no treatment. The APP/PS1+SZL group consisted of APP/PS1
transgenic mice that received 200 ul SZL (2.5 g/ml) per 20 g
mouse body weight by gavage administration once per day
for 12 weeks. The male C57BL/6 mice group (control) was
included as a normal control.

Morriswater maze (MWM) test. The MW M test was performed
as previously described, with minor modifications (12). The
water maze (120 cm in diameter) used was filled with water,
and a hidden platform was submerged 1 cm beneath the water
surface. The water temperature was kept between 20 and 23°C.
Each mouse was trained to locate the hidden platform in four
trials per day with an inter-trial interval of 30-40 min, which
continued for 5 days. The mouse was allowed to search for the
platform for <70 sec, allowing it to rest 30 sec on the platform.
The time the mice spent finding the platform was recorded
as the escape latency. On day 6, the platform was removed
for a 70 sec probe trial, during which the time spent in each
quadrant and number of platform crosses was recorded. The
experiments were recorded with a camera connected to a
video recorder and a computerized tracking system.

Thioflavin S staining. Mice were anesthetized with 5% chloral
hydrate, and saline solution was used for perfusion through
the heart, which was followed by 4% paraformaldehyde. The
brains of the mice were then removed, fixed in 4% parafor-
maldehyde for 24 h and immersed in 30% sucrose until they
sank. Next, 30-um coronal floating sections were immersed in
1% Thioflavin S solution (Sigma-Aldrich; Merck, Darmstadt,
Germany) for 9 min and differentiated in 70% alcohol for
5 min. Subsequently, sections were washed in 80 and 95%
ethanol, followed by three washes with ddH,O, and were then
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mounted. Fluorescent signals were detected by fluorescence
microscopy (Olympus BX51; Olympus Corp., Tokyo, Japan).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Anesthetized animals were sacrificed, and hippo-
campus tissues were immediately frozen in liquid nitrogen.
Total RNA was extracted using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) according
to the manufacturer's instructions. RNA purity and concentra-
tion was confirmed by measuring the ratio of absorbance at
260 and 280 nm using a spectrophotometer. Next, 2 ug RNA
was processed for cDNA synthesis using an RT system (A6010;
Promega Corp., Madison, WI, USA). The primers used for
RT-qPCR were the following: HO-1 forward, 5'-AAGCCG
AGAATGCTGAGTTCA-3', and reverse, 5-GCCGTGTAG
ATATGGTACAAGGA-3"; BVR forward, 5-CCTGATTGG
ATATGTGTCCAGAC-3!, and reverse, 5'-CGACATCAACCT
CTTGGCTG-3'; GADPH forward, 5'-CATCCACTGGTG
CTGCCAAGGCTGT-3', and reverse, 5~ ACAACCTGGTCC
TCAGTGTAGCCCA-3". The mRNA levels of GADPH were
used as normalization controls. The reaction system included:
10 u1 PCR mix, 5 ul subgreen mix, 1 ul each of upstream and
downstream primers and 3 ul cDNA template to a total volume
of 20 ul. The cycling parameters for all assays were as follows:
2 min at 50°C, 10 min at 95°C, followed by 40 cycles of 15 sec
at 95°C and 1 min at 60°C. The 2224 relative quantitative
method was used to show the relative expression levels of each
target gene (13).

Western blot analysis. The isolated hippocampi were collected
and homogenized in lysis buffer (Beyotime Biotechnology,
Inc., Shanghai, China), schizolysised for 30 min on ice and
centrifuged at 12,000 x g for 20 min at 4°C. Total protein
concentration was determined using a Micro BCA™ Protein
Assay kit (23235; Pierce; Thermo Fisher Scientific, Inc.). A
total of 30 mg protein samples were heated at 95°C for 5 min
and separated by 10% SDS-PAGE. Protein samples in the
gel were transferred onto polyvinylidene fluoride membranes
and membranes were blocked for 1 h in Tris-buffered
saline/Tween-20 buffer (TBST; Beyotime Institute of
Biotechnology, Haimen, China) containing 5% bovine
serum. Following blocking, the membranes were incubated
with anti-BVR (1:5,000; ab19260; Abcam, Cambridge, MA,
USA), anti-HO-1 (1:2,000; ab13243; Abcam) or anti-f-actin
(1:5,000; ab8226; Abcam) primary antibodies at 4°C over-
night. The membranes were washed with TBST three times
every 10 min and then treated with goat anti-mouse or goat
anti-rabbit IR-800cw labeled secondary antibodies (926-32210
and 926-32211; LI-COR Biosciences, Inc., Lincoln, NE,
USA) for 1 h at room temperature. Blots were washed three
times for 10 min in TBST and membranes were imaged
using an Odyssey® scanner and Odyssey® imaging software
3.0 (LI-COR Biosciences, Inc). Scan settings were medium
or high image quality, 169 ym resolution, intensity 5.0 for
the 800-channel. Quantification of the proteins of interest
was determined relative to B-actin using Image J software
(National Institutes of Health- Bethesda, MD, USA).

Immunofluorescence analysis. Sections were permeabilized
with 0.2% Triton X-100, and then blocked with blocking
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solution containing 5% normal serum bovine serum at
room temperature for 30 min. Next, sections were incubated
with primary antibodies overnight at 4°C, including poly-
clonal anti-BVR (1:1,000; ab19260; Abcam) and polyclonal
anti-HO-1 (1:200; ab13243; Abcam). Subsequent to rinsing
with phosphate-buffered saline (PBS), sections were further
treated with fluorescein isothiocyanate (1:200; sc-2359; Santa
Cruz Biotechnology, Inc., Dallas, TX, USA) secondary anti-
bodies for 1 h at 37°C. After three further washes in PBS,
the sections were stained for nuclei with 5 pg/ml DAPI for
10 min at room temperature, and then mounted on glass slides.
Fluorescent signals were detected by fluorescence microscopy.

Statistical analysis. Statistical analysis was conducted using
GraphPad Prism version 5 software (GraphPad Software, Inc.,
La Jolla, CA, USA). Measurement data are presented as the
mean + SEM (standard error of the mean). One-way ANOVA
was used to assess multiple groups of data and Student's t-test
was used to compare between two groups. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

SZL reverses the memory impairment in APP/PSI mice.
Memory impairment in APP/PS1 transgenic mice was deter-
mined using the MWM test, in terms of the escape latency
duration. As shown in Fig. 1A, the average escape latencies
were significantly prolonged in the APP/PS1 group from the
third to the fifth training day compared with the control group
(P<0.01). After administering SZL oral liquid, the APP/PS1
group demonstrated a significant decrease in the escape
latency compared with that of the APP/PS1 group without
any treatment (P<0.05). There was a significant difference
in escape latency between the APP+SZL and control group
(P<0.01). On day 6 of the MWM test, the hidden platform was
removed from the pool, and all groups of mice were allowed
to swim for 70 sec. As shown in Fig. 1B, in the target quadrant
on day 6, the APP/PS1 group spent significantly less time in
the quadrant containing the platform in comparison with that
in the control group (P<0.05). In addition, the mice in the
SZL-treated group spent an increased amount of time in the
target quadrant when compared with the untreated APP/PS1
group (P<0.05; Fig. 1B). There was no significant difference
in time in the target quadrant between the APP+SZL and
control group. Furthermore, the number of times the platform
was crossed was significantly reduced in the APP/PS1 group
compared with the C57 control group (P<0.01) and the mice
with SZL treatment group also exhibited a significantly
increased number of platform crosses compared with the
APP/PS1 group (P<0.05; Fig. 1C). There was no significant
difference in number of platform crosses between APP/PS1
mice with SZL treatment and control mice. The results from
the MWM tests indicated that SZL improved the spatial
learning and memory deficits in AD mice.

SZL reduces amyloid pathology in APP/PSI1 mice. In order
to assess the effect of SZL treatment on AD neuropathology,
staining with Thioflavin S for amyloid plaques was conducted.
As expected, the AD mice presented numerous plaques at
9 months of age as compared with the controls; however, the
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Figure 1. APP/PS1 mice exhibit decreased performance in the Morris water
maze task, which is improved by SZL treatment. (A) Escape latency (time
required to find the hidden platform) was determined in 5-day trial study.
(B) Time spent in the target quadrant and (C) the number of platform crosses
were determined on day 6 (probe trial; total time of the trial, 70 sec). Data
are expressed the mean +standard error (n=10). "P<0.05 and “'P<0.01 vs.
C57BL/6 group; “P<0.05 vs. APP/PS1 group. SZL, Shen-Zhi-Ling.

amyloid plaque presence was notably decreased in the hippo-
campus of mice treated with SZL (Fig. 2).

Effect of SZL treatment on mRNA levels of BVR and HO-1
in the hippocampus of mice. To confirm the effect of SZL
treatment on oxidative stress-associated molecules, RT-qPCR
analysis was performed to determine BVR and HO-1 mRNA
expression levels. As previously reported, the BVR/HO-1
system in APP/PSI transgenic mice was impaired (14); thus,
in the present study, mice were treated with SZL to determine
whether treatment was able to directly modulate the BVR/HO-1
system. The results shown in Fig. 3 revealed that BVR and
HO-1 mRNA levels in the APP/PS1 group were significantly
decreased as compared with those in the control group
(P<0.01). However, SZL treatment significantly increased the
BVR and HO-1 levels compared with the untreated APP/PS1
mice (Fig. 3). There was a significant difference only in BVR
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Figure 2. Histological examples of Thioflavin S staining in the hippocampus and SZL treatment can reduce the number of amyloid plaques. SZL., Shen-Zhi-Ling.

mRNA expression levels between the APP/PS1+SZL and
control group (P<0.01), but no significant difference in HO-1
mRNA expression level.

Effect of SZL treatment on protein levels of BVR and HO-1 in
the hippocampus of mice. Given that SZL had significant effects
on the mRNA expression levels of BVR and HO-1, protein
extracts were prepared and analyzed by western blot analysis to
also determine their protein levels. As shown in Fig. 4, consis-
tent with the changes in mRNA levels, the protein expression of
BVR and HO-1 in SZL-treated mice was significantly increased
when compared with the APP/PSI1 group (P<0.05). The only
significant difference was observed in BVR protein expression
levels between the APP+SZL and control group (P<0.01). In
order to confirm the overexpression of BVR and HO-1 proteins
in the hippocampus of APP/PSI transgenic mice and the effect
of SZL treatment, immunofluorescence analysis was then
performed. It was observed that the hippocampi of APP/PS1
transgenic mice exhibited a reduced amount of immunoreac-
tive BVR (Fig. 5A) and HO-1 (Fig. 5B) cells compared with the
control mice, while SZL treatment reversed this decrease. These
results indicated that the HO-1/BVR system serve an important
role in the effect of SZL treatment on AD.

Discussion

Numerous studies on AD during the past decade have
confirmed the involvement of oxidative stress in disease
pathogenesis (15,16). Oxidative stress involves the production
of reactive oxygen species that exceeds the capability of the
antioxidant systems (17). Therefore, increasing or protecting
the antioxidative defense system from being attacked may be
responsible for the decreasing memory caused by oxidative
products, which are increased in AD patients when compared
with controls (18). As Barone et al (19) previously demon-
strated, an impairment of the HO-1/BVR system was detected
in the hippocampus of AD subjects, and oxidative stress was
observed in the accorded brain area. BVR is able to convert
biliverdin (BV) into bilirubin (BR), and BR protects cells
against oxidative stress. Subsequent amplifies the oxidation of
BR by hydrogen peroxide back into BV, which is then recycled
back into BR by BVR (20). Thus upregulating the HO-1/BVR
system was proposed as a useful mechanism to counteract
AD-induced oxidative damage (21,22).

The present study identified that BVR protein levels
were decreased in the hippocampus of APP/PS1 mice (age,
9 months), compared with the wild-type controls. To further
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Figure 3. Effects of SZL treatment on mRNA expression levels of (A) BVR
and (B) HO-1 in the hippocampus of mice after 12 weeks of treatment,
determined by reverse transcription-quantitative polymerase chain reac-
tion. Values are demonstrated as the mean +standard error. "P<0.05 and
“P<0.01 vs. C57BL/6 group; "P<0.05 and ""P<0.01 vs. APP/PS1 group. SZL,
Shen-Zhi-Ling; BVR, biliverdin reductase; HO-1, heme oxygenase 1.

understand whether the reduction of BVR protein levels was
a result of antioxidant system not being active, the expression
of its upstream associated protein HO-1 was also evaluated,
which would be activated as a response to oxidative stress
induction. As expected, HO-1 protein was consistently altered
along with the BVR levels. According to these finding of the
current study, the neurobiological benefits of BVR in the brain
may initially include production of the powerful antioxidant
BR as result of its reductase activity (23), followed by BVR
regulating HO-1 expression, which forms a powerful protective
system against oxidative stresses (24,25). In addition, a possible
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Figure 4. Western blot analyses of BVR and HO-1 levels in the hippocampus homogenates from 9-month-old mice. "P<0.05 and “"P<0.01 vs. C57BL/6 group;
"P<0.05 vs. APP/PS1 group. SZL, Shen-Zhi-Ling; BVR, biliverdin reductase; HO-1, heme oxygenase 1.
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Figure 5. Effect of SZL treatment on the expression of (A) BVR and (B) HO-1,
detected by immunofluorescence staining. Representative photomicrograph
was shown. SZL, Shen-Zhi-Ling; BVR, biliverdin reductase; HO-1, heme
oxygenase 1.
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interaction between BVR and amyloid plaques production is
proposed, but further experiments are required to confirm this.
Furthermore, BVR not only reduces BV into BR, but is also a
serine/threonine/tyrosine kinase involved in various cellular
functions (20,26,27). As previous study reported, increasing
BVR protein may trigger a cell stress response and protect the
cell from oxidant attack (20,28), while the upregulation of the
HO-1/BVR system has been proposed as a useful mechanism
to counteract AD-induced oxidative damage. Taken together,
these findings indicate that increasing HO-1/BVR expression
may have a therapeutic effect in AD.

TCM has a long history of preventing and treating cognitive
decline (29) and the efficacy of Chinese herbs to improve cogni-
tive function has been studied in various trials (30). SZL, as a
drug approved by the China Food and Drug Administration for
treatment or prevention of mild to moderate AD, can amelio-
rate AD-associated pathological symptoms. Among the ten
components of SZL, Codonopsis pilosula may enhance intel-
ligence. Radix Polygalae, Acorus tatarinowii and Poria cocos
have been indicated to enhance cognitive function (31-33),
whereas Ossa Draconis and Concha Ostreae are well-known
sedatives, and studies in various countries have demonstrated
that they have a sleep-inducing function for treating sleep
disorders (34-36). Finally, Paeonia lactiflora and honey-fried
Licorice root ate Paeonia lactiflora and honey-fried Licorice
root are known to increase blood circulation in the brain (37).

In conclusion, SZL treatment in the present study was
found to ameliorate AD-associated symptoms, as well as to
reduce AP amyloidosis and its ameliorating effects may be
attributed to the modulation of the HO-1/BVR system in the
hippocampus. SZL treatment can increase the expression of
BVR and HO-1 protein, with a more effective increase in
HO-1 expression. However, further investigation is required
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to identify the active functional constituents in SZL, as well
as to elucidate the underlying molecular mechanisms. In addi-
tion, the exact mechanism by which SZL increases HO-1/BVR
protein levels was not elucidated in the current study, thus
additional experiments are required.
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