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Background: Alzheimer’s disease (AD) is a slowly progressive neurodegenerative disease
which cannot be cured at present. The aim of this study was to assess whether the combined
application of B-asarone and tenuigenin could improve the efficacy of memantine in treating
moderate-to-severe AD.

Patients and methods: One hundred and fifty-two patients with moderate-to-severe AD were
recruited and assigned to two groups. Patients in the experiment group received -asarone 10
mg/d, tenuigenin 10 mg/d, and memantine 5-20 mg/d. Patients in the control group only received
memantine 5-20 mg/d. The Mini Mental State Examination (MMSE), Clinical Dementia Rating
Scale (CDR), and Activities of Daily Living (ADL) were used to assess the therapeutic effects.
The drug-related adverse events were used to assess the safety and acceptability. Treatment
was continued for 12 weeks.

Results: After 12 weeks of treatment, the average MMSE scores, ADL scores, and CDR scores
in the two groups were significantly improved. But, compared to the control group, the experi-
mental group had a significantly higher average MMSE score (p<<0.00001), lower average ADL
score (p=0.00002), and lower average CDR score (p=0.030). Meanwhile, the rates of adverse
events were similar between the two groups. Subgroup analysis indicated that the most likely
candidates to benefit from this novel method might be the 60—-74-years-old male patients with
moderate AD.

Conclusion: These results demonstrated that the combined application of B-asarone and tenui-
genin could improve the efficacy of memantine in treating moderate-to-severe AD. The clinical
applicability of this novel method showed greater promise and should be further explored.
Keywords: Alzheimer’s disease, memantine, [3-asarone, tenuigenin

Introduction

Alzheimer’s disease (AD) is a slowly progressive neurodegenerative disease which
is characterized by progressive impairment of cognitive function. Globally, dementia
affected about 46 million people in 2015," and it is projected to affect about 100 million
people worldwide by 2050.? In recent decades, due to the aging population, the number
of AD patients is expected to significantly increase.’ It most often begins in people
aged =65 years, and could affect about 6% of these people.* Meanwhile, AD is the
most common cause of dementia in the worldwide, and dementia often results in
the death of AD patients.’ In developed countries, AD has become one of the most
financially costly diseases. The huge financial burden of AD could severely affect the
quality of life of AD patients, and even the social development.®’
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Nowadays, four acetylcholinesterase inhibitors (AChEls)
(donepezil, galantamine, rivastigmine, and tacrine) and one
NMDA receptor antagonist (memantine) have been recom-
mended by the US Food and Drug Administration to treat
AD. These drugs mainly provide limited short-term treatment
of AD symptoms.® The AChEIs could only yield modest
symptomatic but not curative effects’ and have consider-
able drug-related adverse events.!” Memantine represents a
new treatment method for AD and is approved for treating
moderate-to-severe AD. It acts on the glutamatergic system
by blocking NMDA receptors and inhibiting their overstimu-
lation by glutamate.!! Memantine has infrequent and mild
drug-related adverse events, including hallucinations, fatigue,
and headache. A previous study showed that the combina-
tion of memantine and cholinesterase inhibitors yielded a
statistically significant but clinically marginal improvement
in cognitive function and global assessment of dementia.'?
However, most of the current treatment methods could only
offer some symptomatic relief. Therefore, novel treatment
methods are urgently needed.

A previous study reported that the 3-asarone had a good
effect in cognitive function by suppressing the neuronal
apoptosis.”? Inhibiting the increase of intracellular calcium
concentration in damaged neurons might be the mechanism of
its protective effect against neuronal apoptosis.'* Meanwhile,
Irie and Keung'® found that the 3-asarone could protect PC-12
cells from the cytotoxic action of AB, , by inhibiting basal
Ca(2+) intake. Junhe et al'® found that the B-asarone had
a role in the inhibition of AP peptide neurotoxicity. Our
previous study showed that B-asarone could prevent the
AP25-35-induced inflammatory responses and autophagy.'’
These results indicated that -asarone might play the role
of an antidementia medication mainly by the inhibition of
-amyloid protein aggregation and the protection of neu-
rons.'® In addition, an animal study showed that the tenuigenin
could improve the learning and memory function of rats with
AP 1-40
blocking Cyt-c release, and reducing caspase-3 expression. '’

-induced AD by regulating the ratio of Bax/Bcl-2,

Another study found that tenuigenin could block the endog-
enous pathway of PC12 cell apoptosis by inhibiting Bax and
Cyt-c expression and increasing Bcl-2 expression.?

These previous findings indicated that the -asarone
and tenuigenin had different mechanisms of action. But
the archives of traditional Chinese medicine showed that
the acorus gramineus, whose main active ingredient was
[B-asarone, and tenuigenin were often used together as aug-
mentations to treating AD,*' which might indicate that the
[-asarone and tenuigenin had a synergistic effect in treating

AD. However, because of the lack of enough data, the current
evidence is still not enough to demonstrate the add-on effects
of the combination application of B-asarone and tenuigenin in
treating AD. Therefore, this study was conducted to further
evaluate the add-on effects of the combination application of
[-asarone and tenuigenin as an adjuvant therapy for meman-
tine in treating AD patients.

Patients and methods

Patient recruitment

This study was reviewed and approved by the boards
and ethics committees of the First Affiliated Hospital of
Zhengzhou University. Patients with moderate-to-severe
AD were recruited by two experienced clinicians according
to the following inclusion and exclusion criteria. The inclu-
sion criteria included the following: 1) AD being diagnosed
using Neurological Communicative Disorders and Stroke and
the Alzheimer Disease and Related Disorders Association
guidelines; 2) AD patients aged 60—85 years; 3) magnetic
resonance imaging or cranial computed tomography showing
brain atrophy (medial temporal lobe volume or hippocampus);
4) Medial Temporal Lobe Atrophy Rating Scale score =2
for patients aged 60—74 years and =3 for patients aged
75-85 years; and 5) Clinical Dementia Rating Scale (CDR)
score of 2 (moderate AD) or 3 (severe AD). Meanwhile,
the exclusion criteria included: 1) dementia caused by other
factors, such as frontotemporal dementia, hypothyroidism,
and metabolic abnormalities; 2) presence of a serious
heart condition, renal system disease, hepatic disease,
or hematopoietic system disease; and 3) allergy to meman-
tine or possessing an allergic physique. Written informed
consents were provided by the included patients or their
family members for treatment and to be included in our
study. The study was conducted between September 2014
and September 2017.

Intervention methods

The recruited AD patients were assigned to two groups.
In the experiment group, memantine 5 mg was given once
daily in the morning on the first week. In the second week,
memantine 5 mg was given both in the morning and in the
afternoon. During the third week, memantine 10 and 5 mg
were given in the morning and afternoon, respectively.
During the 4th—12th week, memantine 10 mg was given both
in the morning and in the afternoon. Meanwhile, patients also
received B-asarone 10 mg/d and tenuigenin 10 mg/d during
the whole treatment period. In the control group, patients
only received memantine using the same administration
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method as for the experiment group. The treatment was con-
tinued for 12 weeks. The treatment was terminated if severe
drug-related adverse events occurred. The patients were not
blinded to the treatment methods, but the investigators and
data analysts were blinded.

Outcome assessment

Although the efficacy could be comprehensively evaluated
using many scales, it does not mean “more is better.” That
is because more testing time is needed when using more
scales, which could easily cause fatigue of patients and then
result in the increased false-negative rate.?>?* Therefore, we
only selected three main scales to evaluate the efficacy of
the two intervention methods in this study. The cognitive
function of AD patients was evaluated using Mini Mental
State Examination (MMSE) scale. The daily living ability
of AD patients was evaluated using Activities of Daily
Living (ADL) scale. The global clinical assessment was
evaluated using the CDR scale. Meanwhile, the drug-related
adverse events were also recorded during the whole treat-
ment period.

Statistical analysis

Continuous data are presented by mean and standard devia-
tion, and dichotomous data are presented as number and
percentage. The independent Student’s #-test and y* test
were used when appropriate. For the purpose of covarying
out the effect of initial values, the analysis of covariance
(ANCOVA) was used to examine the effect of the two inter-
vention methods on the MMSE, ADL, and CDR scores at
the last assessment.?* Also, subgroup analysis was conducted
according to the severity of dementia, age, and sex. All tests
were two-sided, and p<<0.05 was considered significant. All
analyses were conducted using SPSS 19.0 (IBM Corporation,
Armonk, NY, USA).

Results

Patients with AD

Totally, 152 AD patients were recruited and assigned to
the control (n=77) and experiment (n=75) groups. The two
groups had similar average ages, Medial Temporal Lobe
Atrophy Rating Scale score, duration, and age at onset. There
were 34 moderate and 43 severe AD patients in the control
group, and 33 moderate and 42 severe AD patients in the
experiment group. Before treatment, the average MMSE
scores, ADL scores, and CDR scores were comparable
between the two groups. Detailed information is presented in
Table 1. Eight and six patients in the control and experiment

Table | Clinical data of the recruited AD patients

Variables Control Experiment p-value
group group

Number 77 75 -
Gender (female/male) 42/35 36/39 0.420
Age (years) 72.46+5.58 72.8145.12 0.693
Moderate/severe 34/43 33/42 0.985
MTA 3.01+0.65 3.12+0.70 0.332
Duration (months) 40.67£12.51 41.71£12.12 0.608
Age at onset (years) 68.95+5.46 69.54+4.67 0471
MMSE 15.96+3.77 15.24+3.64 0.234
ADL 33.53+6.16 32.43+9.68 0.402
CDR 2.55+0.49 2.56+0.50 0.985

Abbreviations: AD, Alzheimer’s disease; ADL, Activities of Daily Living; CDR,
Clinical Dementia Rating Scale; MMSE, Mini Mental State Examination; MTA, Medial
Temporal Lobe Atrophy Rating Scale.

groups, respectively, did not complete the trial. The reasons
included: 1) patents or family members requesting for another
treatment method; 2) patents or family members abandoning
treatment; 3) patents or family members unable to afford
the cost; and 4) patents or family members thinking that the
condition had improved enough to stop the treatment.

Cognitive function

Before the treatment, the average MMSE scores between
the control and experiment groups were nonsignificantly
different (p=0.234). After 12 weeks of treatment, compared
to their initial values, the average MMSE scores were
significantly increased to 19.36+3.64 (»p<<0.00001) in the
control group and 22.7943.18 (p<<0.00001) in the experiment
group. However, the result of ANCOVA showed that the
average MMSE score in the experiment group was signifi-
cantly higher compared to the control group (p<<0.00001,
Figure 1). These results demonstrated that the combination
of B-asarone and tenuigenin plus memantine could better
improve the cognitive function of AD patients than meman-
tine as monotherapy.

Daily living ability

Before the treatment, the average ADL scores between the
control and experiment groups were nonsignificantly dif-
ferent (p=0.402). After 12 weeks of treatment, compared
to their initial values, the average ADL scores were signifi-
cantly decreased to 28.15+7.28 (p<<0.00001) in the control
group and 22.87+7.27 (p<<0.00001) in the experiment group.
However, the result of ANCOVA showed that the average
ADL score in the experiment group was significantly higher
compared to the control group (p=0.00002, Figure 2). These
results demonstrated that the combination of B-asarone
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Figure | MMSE scores before and after 12 weeks of treatment in the two groups.
Abbreviation: MMSE, Mini Mental State Examination.

and tenuigenin plus memantine could better improve the
daily living ability of AD patients than memantine as
monotherapy.

Global clinical assessment

Before the treatment, the average CDR scores between the
control and experiment groups were nonsignificantly dif-
ferent (p=0.985). After 12 weeks of treatment, compared
to their initial values, the average CDR scores were signifi-
cantly decreased to 2.03+0.57 (»<<0.00001) in the control

50 | mm Control = Experiment |

p=0.402

40
p=0.00002

ADL score

10

After 12 weeks

Before treatment

Figure 2 ADL scores before and after 12 weeks of treatment in the two groups.
Abbreviation: ADL, Activities of Daily Living.

= Control = Experiment

p=0.985

CDR score

After 12 weeks

Before treatment

Figure 3 CDR scores before and after 12 weeks of treatment in the two groups.
Abbreviation: CDR, Clinical Dementia Rating Scale.

group and 1.83+0.60 (»<<0.00001) in the experiment group.
However, the result of ANCOVA showed that the average
CDR score in the experiment group was significantly higher
compared to the control group (p=0.030, Figure 3). These
results demonstrated that the combination of B-asarone and
tenuigenin plus memantine could better improve the global
clinical assessment of AD patients than memantine alone as
monotherapy.

Subgroup analysis
Subgroup analysis was conducted according to the severity
of dementia, age, and sex. With regard to cognitive function
(Figure 4), after 12 weeks of treatment, compared to the
moderate and severe AD patients in the control group, both
the moderate and severe AD patients in the experiment group
had significantly higher average MMSE scores (p<<0.00001,
p=0.0002, respectively, Figure 4A). Compared to the 60—74-
and 75-85-years-old patients in the control group, both the
age groups in the experiment group had significantly higher
average MMSE scores (p=0.00005, p=0.00003, respectively,
Figure 4B). When assessed with regard to sex, both the
female and male patients in the experiment group had signifi-
cantly higher average MMSE scores (p<<0.00001, p=0.007,
respectively, Figure 4C) than those in the control group.
With regard to daily living ability (Figure 5), after 12 weeks
of treatment, compared to the moderate and severe AD patients
in the control group, both the moderate and severe AD patients
in the experiment group had significantly lower average
ADL scores (p=0.0005, p=0.012, respectively, Figure 5A).
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Figure 4 MMSE scores before and after treatment in different subgroups.

Notes: (A) Moderate and severe AD patients; (B) AD patients aged 60-74 and 75-85 years; (C) female and male AD patients.

Abbreviations: AD, Alzhemier’s disease; MMSE, Mini Mental State Examination.

When assessing in terms of the two age groups, both the age
groups in the experiment group had significantly lower average
ADL scores (p=0.008, p=0.001, respectively, Figure 5B) than
the control group. When comparing based on patients’ sex,
both the female and male patients in the experiment group had
significantly lower average ADL scores (p=0.061, p=0.0003,
respectively, Figure 5C) than the control group.
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In terms of global clinical assessment (Figure 6), after
12 weeks of treatment, compared with the moderate and
severe AD patients in the control group, the moderate AD
patients, but not the severe AD patients, in the experiment
group had a significantly lower average CDR score (p=0.042,
Figure 6A). When compared with the two age groups in
the control group, the 60—74-years-old patients, but not the
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Figure 5 ADL scores before and after treatment in different subgroups.
Notes: (A) Moderate and severe AD patients; (B) AD patients aged 60-74 and 75-85 years old; (C) female and male AD patients.

Abbreviations: AD, Alzheimer’s disease; ADL, Activities of Daily Living.
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Figure 6 CDR scores before and after treatment in different subgroups.

Notes: (A) Moderate and severe AD patients; (B) AD patients aged 60—74 and 75-85 years old; (C) female and male AD patients.

Abbreviations: AD, Alzheimer’s disease; CDR, Clinical Dementia Rating Scale.

75—85-years-old patients, in the experiment group had a sig-
nificantly lower average CDR score (p=0.003, Figure 6B).
When comparing in terms of sex, the male, but not the female,
patients in the experiment group had a significantly lower
average CDR score (p=0.030, Figure 6C) than the patients
of both sexes in the control group.

Drug-related adverse events

Ten patients in the control group experienced drug-related
adverse events, including confusion, fatigue, hallucinations,
and dizziness. Meanwhile, 12 patients in the experiment
group experienced drug-related adverse events, including
hallucinations, headache, nausea, and somnolence. These
adverse events were mild and transient, and did not need any
special treatment. In this study, we found that no one in the
experiment group experienced hepatomas, teratogenicity,
mutagenesis, and genotoxicity, although these adverse events
could not be correctly identified in the short term.

Discussion

The aim of this study was to investigate whether the com-
bination application of B-asarone and tenuigenin could
improve the efficacy of memantine in treating moderate-
to-severe AD. After 12 weeks of treatment, compared with
the control group, the experiment group had a significantly
higher average MMSE score (p<<0.00001), lower average
ADL score (p=0.00002), and lower average CDR score
(p=0.030). Moreover, the two groups had similar rates of
drug-related adverse events. These results demonstrated that

the efficacy of memantine in treating moderate-to-severe AD
was significantly improved after the addition of B-asarone
and tenuigenin, and the acceptability of this novel method
was good.

Meanwhile, through subgroup analysis, we found some
interesting results. These were as follows: 1) this novel
method could significantly improve the cognitive function
of AD patients, irrespective of whether the patient had
moderate or severe AD, was aged 60—74 or 75-85 years,
and was female or male; 2) this novel method could not
significantly improve the daily living ability of female AD
patients; and 3) this novel method could only significantly
alleviate the severity of dementia of moderate AD patients,
aged 60-74-years-old AD patients, or male AD patients.
These results indicated that this novel method might pro-
duce better efficacy for 60—74-years-old male patients with
moderate AD than for other AD patients. However, as we
were limited by the small samples in subgroup analysis, the
most likely candidates to benefit from this novel method need
verification in future studies.

Other novel treatment methods have also been developed
to improve the efficacy of the recommended drugs. Peng et al®
reported that acupuncture could improve the cognitive func-
tion of AD patients, and another study is being conducted to
further assess whether acupuncture could improve the efficacy
of donepezil in treating AD.* In addition, the combination
of huperzine A and memantine was found to be an optimal
choice in treating AD.?” Feng et al®® reported that nimo-
dipine might be an effective augmentation for memantine in
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treating AD. Although so many works have been done, there
is still no clinically approved disease-modifying therapy for
AD. Our findings offer a potentially effective novel treatment
method for clinicians in treating AD.

Although many studies have been done, there is still
no cure for AD. The current treatments can be divided into
three types: pharmaceutical, psychosocial, and caregiving.
The medications mainly refer to AChEI and NMDA receptor
antagonists, which are currently used to treat the cognitive
problems of AD. The psychosocial interventions can be
classified as cognition-, behavior-, emotion-, or stimulation-
oriented approaches, and these are usually used as adjunct
to pharmaceutical treatment. Since no cure or treatment has
yet been found for AD, and AD could gradually render indi-
viduals incapable of tending to their own needs, caregiving
is essentially the treatment. Therefore, it must be carefully
managed during the course of AD.

As one of the most serious health problems for the older
population, AD has been receiving more and more atten-
tion. Over the past several decades, in order to provide a
detailed and comprehensive understanding of the molecular
mechanisms involved in AD pathogenesis, researchers have
done many studies. However, the cause of AD is still poorly
understood. The unclear pathogenesis might be the main
cause of the minimal benefit obtained due to the currently
recommended drugs in the treatment of AD. Nowadays, there
are several competing hypotheses that try to explain the cause
of AD. These include the following: 1) genetic hypothesis,
previous studies found that the genetic heritability of AD
could range from 49% to 79%;2*3 2) cholinergic hypothesis,
which suggests that AD is mainly caused by the reduced syn-
thesis of the neurotransmitter acetylcholine®! (most currently
available drugs are based on this hypothesis); 3) amyloid
hypothesis, which proposes that the extracellular amyloid
beta deposits are the fundamental cause of AD;* 4) tau
hypothesis, which postulates that tau protein abnormalities
initiate the disease cascade;*® and 5) other hypotheses, such
as neurovascular hypothesis®* and retrogenesis hypothesis.*
Recently, gut microbiota have been found to be involved in
many neuropsychiatric disorders.***” Hu et al*® reported that
there was a closely relationship between the imbalance of
gut microbiota and AD. Therefore, the gut microbiota might
provide a new mechanism to explain AD pathogenesis.

Several limitations in the present study should be noted.
These are as follows: 1) All patients were from the same city,
which might influence the applicability of this novel method.*
2) This was not a randomization study, and the intervention
methods were not blinded to the patients. However, to
minimize any bias from the two treatment methods, the

investigators and data analysts were blinded. 3) This was
the first study to explore whether the combined application
of B-asarone and tenuigenin could improve the efficacy of
memantine in treating moderate-to-severe AD. Therefore,
there is no previous study to help us choose the optimal doses
of B-asarone and tenuigenin. The doses used in this study
were selected according to a case report.*’ 4) Whether other
doses of B-asarone and tenuigenin have similar effects or not
was not assessed here. 5) We did not compare the effects of
this novel method and only used B-asarone or tenuigenin plus
memantine in treating moderate-to-severe AD. 6) Although
no hepatomas, mutagenesis, genotoxicity, and teratogenicity
were identified in patients receiving B-asarone, future studies
should consider the risk of these adverse events.*'* 7) This
was a preliminary study, so the long-term effects of this novel
method were not evaluated. Future large-scale, multicenter,
randomized studies are needed to solve these limitations.

Conclusion

The combined application of B-asarone and tenuigenin
could significantly improve the efficacy of memantine in
treating moderate-to-severe AD, and the acceptability of
this novel method was good. Moreover, we found that the
most likely candidates to benefit from this novel method
might be male AD patients aged 60—74 years with moderate
disease. Our study offered a potentially effective novel treat-
ment method for treating moderate-to-severe AD, whose
clinical applicability showed greater promise and should be
further explored.
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