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It has been shown that Acori tatarinowii rhizoma (ATR) extract can improve cognitive functions in Alzheimer
Diseas (AD) patients or animal models. In this study, we have examined the activity of ATR in 3xTg-AD
model mice with different comprehensive behavioral tests like the Morris water maze and Y-maze test assay
for behavior. Moreover, we performed LFB staining for myelin determination in the AD model mouse. By
analyzing different pathways, we determined key proteins that are beneficial for ameliorating AD syndrome in
the mouse. Periluminally, ATR treatment improved the learning and memory ability that was determined by
comprehensive behavioral tests. Moreover, treatment reduces the p-Tau accumulation in the 3xTg-AD mouse
and the level of p-Tau accumulation was at per with the wildtype control mouse and improves the myelin lining
in 3xTg-AD mouse. In conclusion, our results indicate that ATR-treatment can improve the learning ability of
AD model mice and the hyperphosphorylation of Tau protein was decreased. ATR can protect myelin lining

from damage in AD syndrome.

1. Introduction

Alzheimer’s disease (AD) is an age-related neurodegenerative
disorder related to memory loss, cognitive dysfunction, and social
disorders. The pathological characteristics of AD are formation
and accumulation of extracellular amyloid-beta (AP) plaques,
neurofibrillary tangles (NFTs) and that relate to neuronal cell
death (Lane et al. 2018; Serrano-Pozo et al. 2011). There are about
50 million people with AD pathogenesis worldwide (Association
2016). Presently, two mainstream treatment strategies are available
for AD, namely, acetylcholinesterase inhibitors, like donepezil,
rivastigmine, and galantamine for patients with moderate AD
pathogenesis; and the NMDA receptor blocker memantine for
treating moderate to severe AD patients (Richardson et al. 2013;
Tariot et al. 2004). However, the potential of these medicines is
limited to inhibit the disease progression (Colovic et al. 2013).
Previously, AD pathogenesis was generally considered as a
disease of the gray matter (Nasrabady et al. 2018), but different
observations from neuroimaging systems have shown white matter
degeneration, demyelination and the inability of the oligodendro-
cytes to repair myelin damages (Nasrabady et al. 2018). Therefore,
now myelin degradation is considered as another core feature of
AD pathogenesis (Bartzokis 2011; Fern and Matute 2019; Matute
2010). In this study, we examined the ameliorating effect of the
traditional Chinese medicine-Acori tatarinowii rhizoma (ATR)
extract on AD pathogenesis and myelin protection and improve-
ment in memory behavior.

According to traditional Chinese medicine, kidney essence
shortage, marrow deficiency, and blood stagnation are major patho-
genetic mechanisms in AD (Wang et al. 2011). ATR, the rhizome
of Acorus tatarinowii schott, is long been a principal medicine in
traditional Chinese formulas for the treatment of brain disorders,
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such as senile dementia, stroke aphasia, and amnesia (Mao et al.
2015). O55et (Zhang et al. 2007). However, specific mechanisms
underlying the cognition-enhancing effects of ATR in AD model
mouse have not been examined.

To explore the mechanism of action of ATR on AD, a triple-trans-
genic mouse model for AD (3xTg-AD) was used. These mice,
widely used for determining AD pathogenesis, are containing three
mutations associated with AD and are viable, fertile, and display
no initial gross physical or behavioral abnormalities. The transla-
tion of the overexpressed transgenes appearance is restricted to the
central nervous system, hippocampus and cerebral cortex (Desai
et al. 2009). We examined different behavioral and molecular or
cellular parameters related to AD-like the “learning and memory
ability” and p-Tau accumulation. The administration of ATR on
3xTg-AD was able to cut down the AD-related symptomas. More-
over, myelin injury of 3xTg-AD mouse improved under ATR treat-
ment. Overall, ATR was found to be beneficial on 3xTg-AD mice.

2. Investigations and results

2.1. GC-MS fingerprinting of ATR

The ATR extract contained different active ingredients. To under-
stand the presence of beneficial active compounds like a-asarone
and B-asarone, we analyzed ATR’s chromatographic fingerprint by
GC-MS, and compared with a-asarone and B-asarone as standards
(Fig. 1). All GC-MS data, including retention characteristics, peak
intensities, and integrated mass spectra of each sample were used
for the qualitative analyses. A representative total ion chromato-
gram (TIC) of ATR is shown in Fig. 1A. The results of GC-MS
showed that ATR exhibited characteristic peaks of a-asarone and
B-asarone at 26.042 min and 28.166 min, respectively.
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Fig. 1: The GC-MS fingerprint of ATR. (A-B) Signature for total ion chromatogram (TIC) of ATR at 4-48 min (A); and at 22.5-31.5 min (B); (C) TIC signature of a-asarone at
4-48 min; (D) TIC signature of B-asarone at 4-48 min; (E) MS signature of ATR at 2.715-2.980 min; (F) MS signature of B-asarone at 25.576-25.679 min; (G) MS signa-
ture of ATR at 28.141-28.188 min; (H) TIC signature of a-Asarone at 28.113-28.208 min.

2.2. ATR administration improves the learning and mem-
ory ability of 3xTg-AD mice

ATR ameliorated different brain-related disorders (Lam et al.
2019; Yang et al. 2017). Keeping this in mind, we examined the
potential of ATR against AD model mice. The 3xTg-AD mouse
administered with different doses of ATR was compared with the
wild type non-AD mouse. To test memory and behavior, 3xTg-AD
of 9-month-old mice were used in the Morris water maze and
Y-maze tests and compared with the non-AD wild type mouse of
same age. Our results demonstrated that 9-month-old 3xTg-AD
mice showed memory problems and the group of ATR treated
improved this condition, observed in the Morris water maze and
Y-maze tests. After 5 days of the probe test, the escape latency time
was significantly higher compared to the non-AD WT group (Fig.
2A). However, 3xTg-AD mice treated with ATR 8 g/kg and ATR
16 g/kg showed a significant reduction in latency (Fig. 2B). Simi-
larly, the place navigation tracking map, on the 5th day during the
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probe test, showed the track of 3xTg-AD mice was messy, and a
longer path was taken to find the platform compared to the non-AD
WT group. ATR-treated 3xTg-AD mice were able to find the
platform path easier and more directional (Fig. 2A). Similarly, the
number of platform crossings of Y-maze was significantly reduced
in the 3xTg-AD mice group compared to the WT mice group;
however, significant reversal effects were observed in ATR-treated
3xTg-AD mice with an increased number of platform crossings
that suggest an improved memory performance (Fig. 2C). The
percentage of residence time during the spatial probe test in the
target quadrant showed the same results with platform crossings.
In the Y-maze test, error rate (%) and number (n) were significantly
higher in the 3xTg-AD group but were significantly regulated in
the ATR-treated 3xTg-AD group (Fig. 2E-F). The results obtained
by Y-maze and Morris water maze tests were consistent. Thus, all
the data demonstrated that spatial memory impairment occurred
in 3xTg-AD mice, and ATR-treated mice showed an improved
learning and memory ability of 3xTg-AD mice.
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2.3. ATR administration dismisses pathological syn-
dromes in the 3xTg-AD mice brain

The accumulation of phosphorylated Tau protein (p-Tau) in
neurons is a major hallmark for AD (Duan et al. 2012). We
observed the changes in the p-Tau accumulation in 3xTg-AD
mice. While comparing with the non-AD mouse, the accumula-
tion of p-Tau was increased in 3xTg-AD mice (Fig. 3A-B). We
stained the hippocampus region of the mouse brain to investigate

we examined the recovery of neurons with myelin in 3xTg-AD
mice brain by ATR administration. We performed LFB staining
on corpus callosum of non-AD, 3xTg-AD mice and on 3xTg-AD
mice treated with different doses of ATR. As a result, we found
that ATR administration ameliorated the damages of myelin in
3xTg-AD mice while comparing with non-AD mice (Fig. 4). This
result might suggest that the anti-inflammatory properties of ATR
extract effectively repaired the myelin injury of 3xTg-AD mice.
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Fig. 2: Learning and memory ability assessed by the Morris water maze and Y-maze test. (A) Navigation tracking in day5. (B) The escape latency during training days. (C) Plat-

form crossings on the test day. (D) The percentage of time spent in this quadrant. (E) Number of false reactions in all reactions. (F) Rate of false reactions in all reactions.
[WT, wild-type mice; 3xTg-AD, triple transgenic Alzheimer’s disease model; ATR: 3xTg-AD mice treated with ATR. Data are presented as mean + SD (n = 6 in each
group). One-way ANOVA followed by post-hoc analysis. ## p < 0.01 versus and # p < 0.05 versus the WT group; ** p < 0.01 and * p < 0.05 versus the 3xTg-AD group.]

the potency of ATR on 3xTg-AD mice. We applied different doses
of the extract for three months’ tenure and then checked the p-Tau
accumulation in the hippocampus. We found that p-Tau expression
was significantly diminished in ATR treated mice (Fig. 3A-B).
Furthermore, we compared the p-Tau versus Tau expression by
Western blot in non-AD, 3xTg-AD mice and ATR (ATR 16 g/kg)
treated-3xTg-AD mice. We found that the ratio between p-Tau and
Tau was significantly increased in 3xTg-AD mice brain and was
significantly decreased while treated with ATR extract (Fig. 3C-D).
Tau protein was extensively phosphorylated in the 3xTg-AD mice
brain and the phosphorylation was reduced by ATR-administration
without changing the total Tau protein expression while comparing
with non-AD mice.

2.4. ATR administration repairs the myelin injury in
3xTg-AD Mice

The disruption of myelin was observed in AD syndrome due to the
inflammatory reactions (Zhan et al. 2015). Myelin is the fatty sheath
of the neurons, which helps in the transmitting of neuron impulse
(Stassart et al. 2018). In AD pathogenesis the loss of myelin sheath
is a classic morphological sign (Bouhrara et al. 2018). In our study,
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3. Discussion

AD pathogenesis alters the stability of neurons, due to the accumu-
lation of different toxic substances like p-Tau. Moreover, neurons
lose myelin that helps the neurons in transmitting signals. Among
various treatment strategies for AD, Traditional Chinese Medicine
offers promising remedies due to their non-toxic nature and their
a long history in clinical applications (Tian et al. 2010). ATR is
commonly used for treatment of AD and was shown to improve
the cognitive ability in AD (Geng et al. 2010). In our study we
showed different beneficial characters of ATR in a 3xTg-AD mice
model system.

In accordance with our findings, seventy-four volatiles were
identified in ATR, among them, eleven of which were key bioac-
tive principle components (Liu et al. 2017). Findings determined
that 80% of those active compounds were volatile oil components
and asarones like o-asarones and fB-asarone. Compounds like
a-asarones and P-asarone had previous histories in promoting
neuronal differentiation and neurogenesis (Lam et al. 2016;
Mao et al. 2015). According to previous findings, ATR could
be beneficial for hindering neuro-degenerative disorders, and
we demonstrated here that ATR administration ameliorated AD
pathogenesis in mice.
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Fig. 3: ATR inhibited AD pathological changes in the hippocampus. (A-B) Tau and P-Tau expressions were evaluated by immunostaining using anti-Tau and anti-p-Tau anti-
bodies, alexa fluro 488 conjugated secondary antibodies were used for detection in the different experimental groups, Scale bar = 100 um. The expression was quantified
and plotted as histogram in (B). (C) Western blot analysis of the Tau, and p-Tau (ser396) expressions in brain hippocampus. (D) Ration of p-Tau/Tau and normalized to
GAPDH. The images were quantified using ImageJ software. [WT, wild-type mice; 3xTg-AD, triple transgenic Alzheimer’s disease model; ATR: 3xTg-AD mice treated
with ATR. Data were presented as mean+SD (n = 3 in each group). One-way ANOVA followed by post-hoc analysis. ## p < 0.01 versus the WT group; ** p < 0.01 and *

p < 0.05 versus the 3xTg-AD group.]

The current trends in AD treatment focus on prevention or early
intervention (Crous-Bou et al. 2017; Yiannopoulou and Papageor-
giou 2013). Studies have shown that 3xTg-AD mice begin to develop
AP plaques in the tail hippocampus at six months of age (Belfiore et
al. 2019). In our study, we used five months old 3xTg-AD mice for
treatment. Through different experimental setup, we found that ATR
administration improved cognitive functions in 3xTg-AD mice, and
had inhibitory effects on AD pathology. These data were consis-
tent with previous reports on ATR and its formulated decoction to
improve cognitive dysfunction in AD mouse model (Hou et al. 2014;
Lam et al. 2017). More studies reported that the compounds like
[-asarone (Deng et al. 2016) and Jowiseung-chungtang (Shin et al.
2018) have the properties like anti-Af aggregation and resveratrol
(Sun et al. 2019) reducing the phosphorylation of Tau. We found
that the Tau protein was extensively phosphorylated in the 3xTg-AD
mice brain and the phosphorylation was reduced by ATR-admin-
istration without changing the total Tau protein expression while
comparing with non-AD control mice.

Degradation of the myelin sheath is closely related to AD patho-
genesis (Cai and Xiao 2016; Dadar et al. 2019). Myelin helps in
transmitting the neuronal signals at axon connections in the brain
network (Nave and Werner 2014; Timmler and Simons 2019). Loss
of myelin integrity in a neuronal circuit can lead to cognitive decline
in AD (Fornito et al. 2015; Pievani et al. 2014). We found that the
corpus callosum in 3xTg-AD mice displayed loss in neurofibrillary
myelin. However, the mechanism behind this repair process is
unknown. Combining these findings, the ATR administration on
3xTg-AD mice alleviated myelin lesions, which may be one of the
important reasons for delaying the development of the disease.

In conclusion, we demonstrated that ATR administration was
improved the learning and memory ability of 3xTg-AD mice and
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decreased the phosphorylation of Tau protein, and promoted repair
of myelin damage. Our findings endorsed a new mechanism for the
treatment of AD by ATR.

4. Experimental

4.1. Preparation of ATR decoction

Acori tatarinowii thizoma (purchased from the pharmaceutical factory of Zhejiang
Traditional Chinese University, Lot.180601) was placed in a medicine pot, filled
up with cold distilled water equivalent to ten-time volume of the ingredients, and
soaked for two hours, then boiled for thirty minutes and filtered. The distilled water
equivalent to ten-time volume of the extract was added and continued boiling for more
twenty minutes and then filtered again. The fluids were concentrated on a water bath
until 1 mL decoction containing 1.6 g crude drug and dilute it with double distilled
water to 0.8g/ml and 0.4g/ml.

4.2. Animals and ATR administration

All animals were males and five months old. Twenty-five male 3xTg-AD mice
harboring APPSwe, tauP301L and PSEN1M146V transgenes and male wild-type mice
(WT) (strain: B6) were randomly divided into wild type group, model group, ATR 4.0
g/kg group, ATR 8.0 g/kg group and ATR 16.0 g/kg group. The mice in each group
received intragastrically 1 ml extract/100 g of body weight. The drug concentration was
0.4 g/ml for ATR 4 g/kg group, 0.8 g/ml for ATR 8 g/kg group, 1.6 g/ml for ATR 16 g/
kg group, WT and 3xTg-AD group were given the same volume of saline, once a day,
for 4 months. All the animals were housed at 22+2 °C with 50-60% relative humidity.
A 12 h light/12 h dark cycle was set, and the animals had free access to standard diet
and water. All animal experiments were performed in accordance with NIH laboratory
animal care and use guidelines (https://www.ncbinlm.nih.gov/books/NBK54050) under
the supervision of the laboratory animal management and ethics committee of Zhejiang
Traditional Chinese Medicine University (project code: ZSLL-2018- 17).

4.3. Specimen preparation

After 120 days of incubation, the mice were subjected to cardiac perfusion at the
set time point: The mice were anesthetized with 0.3% sodium pentobarbital and the

Pharmazie 75 (2020)
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Fig. 4: The LFB staining results of myelin in different groups of mice, scale bar = 100 pm. WT, wild-type mice; 3xTg-AD, triple transgenic Alzheimer’s disease model; ATR:

3xTg-AD mice treated with ATR.

thoracic cavity was opened and an infusion needle was inserted into the left ventricle.
A cut was made at the right atrial appendage, and first infused with 0.9% saline for 5
min, waited for the liver to turn into white color, then infused with 4% paraformalde-
hyde for 15 min, craniotomy was performed and the brain was removed and kept in
the above perfusate in a refrigerator at 4 °C for overnight, then the brain was immersed
to dehydrate in 20% sucrose solution, and then with 30 % sucrose solution. The brain
was sliced to a thickness of 10 pm and stored the slices at -80 °C for use.

4.4. GC-MS analysis

GC-MS analyses were conducted using a gas chromatograph (Agilent 7890-5977A,
United States) coupled with an Agilent 7890-5977A mass spectrometer. The initial
temperature set up of the column was 60 °C for 1 min. The column temperature was
raised in three parts, firstly, from 60 to 120 °C at a rate of 5 °C/min, then from 120 to
150 °C at a rate of 2 °C/min and, lastly, from 150 to 280 °C for 10 °C/min. 1.0 uL of the
sample was injected into the fused-silica capillary column DV-5 (30 mx0.25 mm with
i.d. film thickness of 0.25 pm) with a split ratio of 1:10. High-purity helium was used as
an inert carrier gas and the flow rate for it was set at 1.0 ml/min. The injector tempera-
ture was set at 250 °C. The specific conditions for mass spectrometry was set as follows:
interface temperature 250 °C; ion source temperature 200 °C; ionization voltage 70 eV;
and full scan mode in the 45-500 m/z mass ranges with 1.0/s scan velocities.

4.5. Morris water maze experiment

A Morris water maze test system was used (Panlab Harvard Apparatus, 3.0) for this
experiment. First, for 1 to 5 days of the Morris water maze experiment, the platform
was kept 1 cm below the water surface. The mice of each group were placed in water
from the four quadrants according to the grouping number. Each animal went for
three trials. First, place the animal on the platform for fifteen seconds. Then we let
the animal search for the platform for a maximum of sixty seconds. After the trial, the
mice were learned to search for the platform and climb up. During the observation
period, the time required to find the platform was recorded. On the sixth day of the
water maze experiment, the platform was removed and the mice were placed sequen-
tially from the four quadrants, recording the number of passes through the original
platform position in one minute.

4.6. Y maze experiment

The mice were placed in the arm of the programmed labyrinth of the grid. The three
arms of the labyrinth contained a light signal. After the lamp was on, the grid that
was lit for 5 s and was not energized, and the remaining 2 grids were energized to
stimulate the mice to escape. The energized bright arms were reached for 15 s after
reaching the bright arms, and the mice were trained in 3 arms for 3 days, and the test
was performed on the fourth day.

4.7. LFB staining

Slices were placed in 0.1% LFB for 10 h, and in 95% alcohol, and in 0.05% Lithium
carbonate for 10 s, after washed in distilled for a while, then the slices were kept in
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tar purple dye solution for 10 minutes, and then washed with distilled water. 70% of
alcohol was used for the color saparation, and for conventional dehydration.

4.8. Immunofluorescence staining

The frozen sections were rewarmed for 15 min and fixed in 4% paraformaldehyde for
15 min. The sections were taken out and placed in a repair kit of antigen repair buffer
for antigen retrieval in a microwave oven. The slides were washed with 0.1% PBST and
blocked with 5% BSA for 60 min and then incubated with primary antibodies: rabbit
anti-Tau (YT4546, 1:400, immunoway, United States), a rat anti-Tau of phospho Ser396
(YP0263, 1:400, immunoway, United States). Therafter the slides were washed four
times with PBST for 5 min each. After the sections were slightly dried, the secondary
antibody was added dropwise to the tissues and incubated at room temperature for 120
min in the dark. Slides were washed 4 times with 0.1% PBST for 5 min each and was
observed under a microscope (Zeiss, AXIO SCOPE.A1, Germany).

4.9. Immunoblotting

For immunoblotting, 25 g of proteins (control, 3xTg-AD, and ATR 16 g/kg groups)
were separated by 10% SDS-PAGE and blotted onto a nitrocellulose membrane (Bio-
Rad, Hercules, CA, USA). Membranes were blocked with 5% bovine serum albumin in
T-TBS for 90 min at room temperature and incubated individually overnight at 4 °C with
primary anti-bodies: rabbit anti-Tau (YT4546, 1:5000, Immunoway, United States),
rabbit anti-pSer396-Tau (YP0263, 1:1000, Immunoway, United States) and rabbit anti-
GAPDH (ER1706-83, 1:1000, HuaAn, China). After three-time washing with T-TBS,
the membranes were incubated for 1 h at room temperature with secondary antibody:
anti-rabbit (RS23220, 1:5000, Cell Signaling, United States). The blots were then
imaged and analyzed by software from Odyssey Imager (LI-COR, LI-COR Odyssey
ClIx, United States). Data quantification was done using ImageJ (NIH, United States).

4.10. Statistics

Statistical analyses were performed with SPSS 24.0 software. Data were expressed as
meanzstandard deviation (SD) and analyzed using the one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test for comparisons between three groups.
P<0.05 was considered statistically significant.
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