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ABSTRACT
Context: The methanol extracts from Hippeastrum reticulatum (L’H�er.) Herb. (Amaryllidaceae) (HR) display
acetylcholinesterase inhibitory (AChEI) activity.
Objective: AChEI of alkaloids isolated from HR bulbs and the ameliorating effects of the alkaloid fraction
(AHR) on memory and cognitive dysfunction in scopolamine-treated mice were investigated.
Materials and methods: Alkaloids were isolated by column chromatography and identified by spectros-
copy. AChEI was evaluated using the modified Ellman’s method. Sixty Swiss male mice were randomly
divided into six groups, received samples for 15 days. Normal group received saline, scopolamine-treated
group scopolamine (1.5mg/kg, intraperitoneal injection). Test groups received AHR (5, 10 and 15mg/kg,
per os) and positive control group donepezil (5mg/kg, per os), administered 1 h before the test, scopol-
amine was injected 30min prior to testing. The cognitive-enhancing activity of AHR against scopolamine-
induced memory impairments was investigated using Y-maze, the novel object recognition test (NORT)
and the Morris water maze (MWM) test.
Results: Seven alkaloids were isolated for the first time from the genus Hippeastrum: trans-dihydronarci-
clasine (1), N-chloromethylnarcissidinium (2), narciprimin (3), narciclasine-4-O-b-D-xylopyranoside (4), N-
methyltyramine (5), 3b,11a-dihydroxy-1,2-dehydrocrinane (6) and brunsvigine (7); three are new com-
pounds (2, 5, 6). Among them, 2–3 and 5–6 showed AChEI in vitro with IC50 values of 29.1, 46.4, 70.1
and 104.5 mg/mL, respectively. The anti-AChEI of 2, 5 and 6 are reported for the first time. In in vivo test,
AHR (15mg/kg) significantly increased in spontaneous alternation performance in the Y-maze test
(p< 0.01), it significantly increased the time spent exploring the novel object (p< 0.05) comparison with
scopolamine-treated group. The administration of AHR at doses 10 and 15mg/kg significantly decreased
escapes latency and swimming distance to the platform on day 6 compared to these in day 1 (p< 0.01
and p< 0.05, respectively).
Conclusions: AHR could be a potential candidate of future trials for treatment of memory and cognitive
dysfunction in Alzheimer’s disease.
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Introduction

Alzheimer’s disease (AD) is a disease of dementia that usually
starts slowly and gradually worsens over time and usually occurs
in older people (Burns and Iliffe 2009). In recent years, the
prevalence of patients with dementia is increasing, which might
be related to the increase in life expectancy of people in the
world. According to the World Health Organization (WHO
2019), there were around 50 million people with dementia, and
there are nearly 10 million new cases every year. It is estimated
that the number of people with dementia may increase to 82
million in 2030 and 152 million in 2050, and the prevalence of
people with AD could account for 60–70% among all people
(Duthey 2013). Due to the acetylcholinesterase (AChE) inhibitory
(AChEI) activity, drugs with such activity have been accepted to
treat memory deficits in patients with AD (Yiannopoulou and

Papageorgiou 2013). Thus, studies are concentrating on finding
AChE inhibitors as new substances to treat AD.

Hippeastrum (Amaryllidaceae) is a large genus with over 90
species recorded (The Plant List 2020). The species belonging to
this genus possess several important biological properties, such
as antibacterial, antioxidant, antiviral and AChE inhibitors
(Andradea et al. 2012). In Vietnam, this genus has two species:
Hippeastrum equestre Herb. and Hippeastrum reticulatum
(L.H�er.) Herb. (HR). Screening studies indicated that both spe-
cies have the potent inhibitory effect of AChE, particularly HR
(Andradea et al. 2012). Galanthamine and other alkaloids from
galanthamine group (montanine, hippeastrine, pretazettine) have
activity against AD (Pagliosa et al. 2010; Ding et al. 2017).
However, there are still very few studies on the HR species.

This study contributes knowledge on the chemical compos-
ition and AChEI activity of isolated compounds from HR. We
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also investigated the effect of the alkaloid fraction of HR on cog-
nitive and memory deficits in a scopolamine-induced rodent
model of AD.

Materials and methods

General experimental procedures

NMR spectra were recorded using a Bruker Avance 500 spec-
trometer (500MHz for 1H NMR, 125MHz for 13C NMR)
(Bruker, Billerica, MA) with TMS as an internal reference.
Column chromatography was performed with silica gel (60 N,
spherical, neutral, 40–50lm, Kanto Chemical Co., Inc., Tokyo,
Japan), YMC RP-18 (Fuji Silysia Chemical Ltd., Kasugai, Japan)
and Sephadex LH-20 (DowexVR 50WX2-100, Sigma-Aldrich, St.
Louis, MO). Analytical TLC separations were performed on pre-
coated silica gel 60F254 and RP-18 F254 plates (0.25 or 0.50mm
thickness, Merck KGaA, Darmstadt, Germany).
Acetylcholinesterase, acetylthiocholine (ACTI), 5,5-dithio-bis(2-
nitrobenzoic acid) (DTNB) and galanthamine hydrobromide
were purchased from Sigma-Aldrich (St. Louis, MO). Dimethyl
sulphoxide (DMSO) was purchased from Merck (Darmstadt,
Germany). All chemicals used were of the highest
grade available.

Plant material

The bulbs of HR were collected in May 2018 from Thua Thien
Hue province (16�4403000N 107�2304800E), Vietnam. Its identifica-
tion was confirmed by Dr. Vu Tien Chinh, Vietnam National
Museum of Nature, Vietnam Academy of Science and
Technology. A voucher specimen (TTH-01) was deposited at the
Faculty of Pharmacy, Hue University of Medicine and
Pharmacy, Vietnam.

Extraction and isolation of constituents

The bulbs of HR were washed, dried at 50 �C (12.5 kg) then
pulverized into powder, extracted with methanol (20 L� three
times) by immersion at room temperature to yield an extract.
Due to its large volume, the extract was divided into six parts.
Each part was subjected to Diaion HP-20 column chromatog-
raphy (15 cm � 60 cm, diameter� length). Water was passed
through the column to remove the water-soluble components,
then the compounds were eluted with methanol. After that, the
solution was collected and the solvent evaporated to obtain 150 g
of extract.

The methanol extract was acidified with 2% HCl to pH 2 and
then extracted with ethyl acetate (EtOAc) (1 L� three times) to
obtain an EtOAc fraction (60 g). The remaining acid solution
was alkalinized with ammonium hydroxide to pH 10 and then
extracted with dichloromethane (CH2Cl2) (1 L� 3 times) to
obtain alkaloid fraction (AHR, 30 g).

The AHR (30 g) was chromatographed on a normal phase sil-
ica gel column (8 cm � 60 cm, diameter� length) and eluted
with CH2Cl2:methanol:H2O (5:1:0.1, v/v/v) to obtain five frac-
tions, frAHR1–fr.AHR5. Fraction AHR2 (8 g) was subjected to
reverse-phase RP-18 silica gel column chromatography and
eluted with methanol:H2O (3:1, v/v) to obtain seven fractions,
fr.AHR2.1–fr.AHR2.7. Fraction AHR2.2 (600mg) was further
purified by Sephadex LH-20 and eluted with methanol to yield
five fractions, fr.AHR2.2.1–fr.AHR2.2.5. The purification of
fr.AHR2.2.3 (30mg) yielded compound 1 (5.2mg). Fr.C2.5

(150mg) was applied to reverse-phase RP-18 silica gel column
and eluted with methanol:H2O (1:1, v/v) to obtain compound
2 (8mg).

Fraction AHR3 (10 g) was chromatographed on a reverse-
phase RP-18 silica gel column and eluted with methanol:H2O
(1:3, v/v) to give six fractions, fr.AHR3.1–fr.AHR3.6. Fraction
AHR3.3 (450mg) was further applied to silica gel chromatog-
raphy and eluted with CH2Cl2:EtOAc:methanol (5:3:1, v/v/v) to
obtain four fractions, fr.AHR3.3.1–fr.C3.3.4. Fraction AHR3.3.2
(150mg) was purified by Sephadex LH-20 column to obtain
compound 3 (8mg).

Fraction AHR4 (8 g) was applied to reverse-phase RP-18 silica
gel column chromatography and eluted with methanol:H2O (3:1,
v/v) to yield five fractions, fr.AHR4.1–fr.AHR4.5. Fraction
AHR4.3 (1 g) was then subjected to silica gel column chromatog-
raphy and eluted with CH2Cl2:methanol (10:1, v/v) to obtain
four fractions, fr.AHR4.3.1–fr.AHR4.3.4. Fraction AHR4.3.3
(60mg) was further purified by Sephadex LH-20 and eluted with
methanol to obtain compound 4 (15mg).

Fraction AHR1 (4 g) was chromatographed on reverse-phase
RP-18 silica gel column and eluted with acetone:H2O (5:1, v/v)
to give six fractions, fr.AHR1.1–fr.AHR1.6. Fraction AHR1.3
(600mg) was applied to silica gel chromatography and eluted
with CH2Cl2:methanol:NH3 (10:1:0.1, v/v/v) to obtain six frac-
tions, fr.AHR1.3.1–fr.C1.3.6. Fraction AHR1.3.2 (120mg) was
further separated on a reverse-phase RP-18 silica gel column
chromatography and eluted with methanol:H2O (3:1, v/v) to
yield compound 5 (8mg). Fraction AHR1.6 (1.5 g) was chroma-
tographed on reverse-phase RP-18 silica gel column and eluted
with methanol:H2O (1:1, v/v) to obtain six fractions,
fr.AHR1.6.1–fr.C1.6.6. Fraction AHR1.6.2 (450mg) was purified
by Sephadex LH-20 column and eluted with methanol to yield
four fractions, fr.AHR1.6.2.1–fr.AHR1.6.2.4. Fraction C1.6.2.1
(270mg) was applied to normal phase silica gel column and
eluted with CH2Cl2:methanol:NH3 (5:1:0.1, v/v/v) to obtain com-
pound 6 (7mg). The purification fr.AHR1.6.2.3 (100mg) yielded
compound 7 (10mg).

Acetylcholinesterase inhibition assay

The AChE inhibiting activity of the extracts and isolated com-
pounds was measured using the modified Ellman’s method
(Ellman et al. 1961). Acetylthiocholine was used as a substrate to
examine the inhibitory effect of the sample. The test method
procedure: pH 8 buffered buffer, samples (extracts and isolated
compound of Hippeastrum reticulatum) and 0.25 IU/mL AChE
enzyme solution was added, successively, to each well of the 96-
well plate. The mixture was well mixed and incubated for 15min
at room temperature. After that, DTNB test solution (5,50-dithio-
bis (2-nitrobenzoic acid) 2.4mM and ATCI substrate solution
(ACTI iodide) 2.4mM) were added to the mixture and mixed
well. The mixture was incubated for a further 15min at room
temperature, then the solution was measured at 405 nm for 10 s.
The absorption was measured with the ELISA Microplate Reader
EMR 500 (San Jose, CA). We used galantamine as a positive
control. The inhibition percentage was calculated using the fol-
lowing equation: (1 – S/E)�100, where E and S are the enzym-
atic activities with and without the sample tested, respectively.
The AChEI activity of each sample was expressed as the concen-
tration (in mg/mL) required to inhibit AChE hydrolysis by 50%
(the IC50 value), which was calculated from the logarithmic
dose–inhibition curve.
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Behavioural experiments

Animal groups and drug treatments
Sixty Swiss male mice were randomized into six groups (n¼ 10
per group): (1) control (saline), (2) scopolamine 1.5mg/kg/day,
(3) AHR 5mg/kg/dayþ scopolamine 1.5mg/kg/day, (4) AHR
10mg/kg/dayþ scopolamine 1.5mg/kg/day, (5) AHR 200mg/kg/
dayþ scopolamine 1.5mg/kg/day and (6) positive control group
(donepezil 5mg/kg/dayþ scopolamine 1.5mg/kg/day). These
groups were used for experiments below (Y-maze test, novel
object recognition test (NORT) and Morris water maze (MWM)
test). The same set of animals was used for all three behavioural
tests since the intervals between two behavioural tests were
three days. AHR is the alkaloid fraction of HR. The method of
extracting the AHR fraction is described above. The AHR was
resuspended in saline and administered orally (per os, p.o.).
Scopolamine was also dissolved in saline and administered by
intraperitoneal (i.p.) injection. AHR was administered 1 h before
the behaviour test, whereas scopolamine was injected 30min
prior to testing. The mice were treated in strict compliance with
The Animal Center Guidelines for the Care and Use of
Laboratory Animals at the Vietnam Military Medical University,
consistent with EU Directive 2010/63/EU. This study was
approved by the Committee for Animal Experiments and Ethics
(Institutional Animal Care and Use Committee, IACUC) at the
Vietnam Military Medical University (approval no. IACUC-
063/19).

Y-maze test
The Y-maze test was performed according to the procedures
described by Lam et al. (2016). Drugs and scopolamine have
been administered for 14 days before the Y maze trial. The Y-
maze, made of dark grey polyvinyl plastic, consists of three arms
with equal angles between the arms. Each arm is 35 cm long,
5 cm wide and 10 cm high. Mice were placed in one arm and
allowed to freely move in and explore the Y-maze for around
10min. The behaviour of each animal was recorded individually
and analysed by AnyMaze software (Stoelting, Kiel, WI). The
arms of the maze were cleaned with 10% ethanol between each
exercise to eliminate the odour and waste of mice. One hour
before each trial, mice were treated with saline (p.o., in control
group and scopolamine-treated group) or AHR (5, 10 or 15mg/
kg/day, p.o., in AHR-treated group) or donepezil (5mg/kg/day,
p.o., in positive control group). Thirty minutes before the trial,
animals also administered saline (i.p., control group) or scopol-
amine (1.5mg/kg, i.p., in scopolamine-treated group, AHR-
treated group and positive control group). Alternative behaviour
is determined based on the number of successes going into three
different arms in succession. Access to the arms is determined
by mice placing all four legs within range of the arms. The alter-
nation score (%) for each mouse was defined as the ratio of the
actual number to the possible number of alternations multiplied
by 100, as shown by the following equation: spontaneous alterna-
tion (%)¼ [(number of alternations)/(total arm
entries – 2)]� 100. The number of arm entries was used as an
indicator of locomotor activity.

Novel object recognition test
The NORT was performed according to the procedures described
by Lam et al. (2016). The exploration time and frequencies were
recorded (n¼ 10 per group). This test is performed in an open
square box with dimensions of 45� 45� 50 cm3. First, the mice

were placed in an open square box with objects and were free to
explore within 5min. Twenty-four hours later, the mouse was
given an exercise in the sample phase. In this phase, the mice
were placed in an open box with two identical objects, A1 and
A2, placed symmetrically and approximately 10 cm away from
the wall for 5min. The mice were free to explore within 5min.
Exploration is defined as the moment the mice touch the object
with their nose and/or front legs. After 24 h, mice received a test
phase in which one of the two objects was replaced by a new
one. Animals were free to explore in an open box with one
familiar (object A1 or A2) and one novel (B) object within
5min. All objects have the same texture and size but differ in
shape. After each exercise, all test subjects were wiped with 10%
alcohol to remove odours and waste. One hour before a trial,
mice were treated with saline (p.o., in control group and scopol-
amine-treated group) or AHR (5, 10 or 15mg/kg/day, p.o., in
AHR-treated group) or donepezil (5mg/kg/day, p.o., in positive
control group). Thirty minutes before the trial, animals also
administered saline (i.p., control group) or scopolamine (1.5mg/
kg, i.p., in scopolamine-treated group, AHR-treated group and
positive control group).

Morris water-maze test
The Morris water-maze test (Morris 1981) was performed
according to the procedures described by Lam et al. (2016). The
Morris water-maze is a black barrel (80 cm in diameter and
35 cm high) with a black painted inner surface. The container is
filled with water and fresh milk to make the water turbid. The
water temperature varies between 20 �C± 1 �C. The water tank is
divided into four quadrants of equal area. A small transparent
platform (4 cm in diameter and 18 cm high) is placed at centre
of one of four quadrants and submerged 1 cm below the surface
of the water to be invisible. The water tank is placed in a quiet
room with landmarks placed around the water basin so that the
animal can be oriented. The position of the platform and the
landmarks do not change throughout the experiment. Before the
experiment, mice were allowed to swim for around 60 s without
the platform in the water tank. After six consecutive days, each
mouse was tested four times daily for practice, the interval
between each trial was approximately 2min. During each exer-
cise, the mice were placed in the water opposite the wall of the
tank in one of the four parts of the tank. The escape latencies
and swimming distances of each mouse from the starting pos-
ition to the target quadrant is recorded by camera and analysed
by AnyMaze software (Stoelting, Kiel, WI). The average of these
parameters was calculated for each session per mouse. The mice
were allowed to swim for a maximum of 1min at a time. If the
mice were not on the platform after 1min, the mice were caught
and placed on the platform for 10 s to remember the safe place.
On the seventh day, the mice performed the exercise without the
platform in the tank. The swimming time in the quadrant of
platform location (time spent in target quadrant) was deter-
mined. One hour before a trial, mice were treated with saline
(p.o., in control group and scopolamine-treated group) or AHR
(5, 10 or 15mg/kg/day, p.o., in AHR-treated group) or donepezil
(5mg/kg/day, p.o., in positive control group). Thirty minutes
before the trial, animals also administered saline (i.p., control
group) or scopolamine (1.5mg/kg, i.p., in scopolamine-treated
group, AHR-treated group and positive control group).
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Statistical analysis
The results of the behavioural studies are expressed as
mean ± SEM, Y-maze test for spontaneous alternation (%), object
recognition test for distance travelled and MWM test for probe-
trial swimming times were analysed by one-way analysis of
variance (ANOVA) followed by Tukey’s post hoc for multiple
comparisons. Time spent exploring a familiar and novel object
in the sample and test phases in the object recognition test was
normalized by dividing the values by the total time spent explor-
ing. Normalized values of the time spent exploring familiar and/
or novel objects were analysed by repeated-measures two-way
ANOVA with object as a within-subject variable and treatment
(experimental group) as a between-subject variable, followed by
Tukey’s post hoc analysis. Escape latencies and swimming dis-
tance in the training trials in the MWM test were analysed by
repeated measures two-way ANOVA with day as a within-subject
variable and treatment as a between-subject variable, followed by
Tukey’s post hoc analysis. The differences were considered as
statistically significant at p< 0.05.

Results

Identification of isolated constituents

Further separation and purification of the C fraction led to the
isolation of seven alkaloids isolated for the first time from the
genus Hippeastrum, including trans-dihydronarciclasine (1)
(Varr�o et al. 2017), N-chloromethylnarcissidinium (2) (Hoshino
1998), narciprimin (3) (Nair et al. 2011), narciclasine-4-O-b-D-
xylopyranoside (4) (Katoch et al. 2020), N-methyltyramine (5)
(Kikuchi et al. 2010), 3b,11a-dihydroxy-1,2-dehydrocrinane (6)
(Sener et al. 1993) and brunsvigine (7) (Hong et al. 2008)
(Figure 1). Detailed NMR spectroscopic data of all previously
known isolates are in publications cited above.

Acetylcholinesterase inhibition

The Hippeastrum reticulatum extracts have been tested for
AChEI. The results showed that the AHR had the best activity
with an IC50 value of 39.85 mg/mL (Table 1).

The isolated compounds have been tested for AChEI in vitro.
Among them, compound 3 showed the most potent inhibitory

activity against AChE with an IC50 value of 29.1 mg/mL
(Table 2).

Effect of AHR on scopolamine-induced memory impairment
in mice

The results from the Y-maze test are illustrated in Figure 2. The
percentage of spontaneous alternation in the scopolamine-treated
group was significantly lower than the control group (p< 0.01).
Treatment of mice given scopolamine with AHR at 15mg/kg
and donepezil at 5mg/kg, the percentage of spontaneous alterna-
tion significantly increased compared with the scopolamine-
treated group (p< 0.01 and p< 0.05, respectively). In addition,
there were no significant differences in the number of arm
entries among the six experimental groups (p> 0.05). These
results suggested that administration of AHR prevents memory
deficits caused by scopolamine without affecting loco-
motor activity.

The results from NORT are illustrated in Figure 3. Figure
3(A) shows the mean normalized time spent exploring two

Figure 1. Structure of compounds isolated from Hippeastrum reticulatum.

Table 2. Acetylcholinesterase inhibitory activity in vitro of isolated compounds.

Compounds IC50±SD (mM)

trans-Dihydronarciclasine (1) 1593.73 ± 39.09
N-chloromethylnarcissidinium (2) 264.86 ± 0.23
Narciprimin (3) 107.31 ± 2.45
Narciclasine-4-O-b-D-xylopyranoside (4) �
N-methyltyramine (5) 463.97 ± 9.65
3b,11a-Dihydroxy-1,2-dehydrocrinane (6) 161.68 ± 7.16
Brunvigine (7) 801.17 ± 17.88
Galanthamine 1.15 ± 0.03

(–) no inhibition.
IC50 values were reported as means ± SD of triplicates.

Table 1. Acetylcholinesterase inhibitory activity in vitro of extracts of
Hippeastrum reticulatum.

Fractions IC50±SD (mg/mL)

Methanol 98.71 ± 1.75
EtOAc �
AHR 39.85 ± 0.94
Galanthamine 0.36 ± 0.01

(–) no inhibition.
IC50 values were reported as means ± SD of triplicates.
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identical objects (objects A and B) during the sample phase by
the six experimental groups. Repeated-measures two-way
ANOVA indicated no significant main effects of object (p> 0.05)
or treatment (experimental groups) (p> 0.05). Furthermore,
there was no significant interaction between object and treatment
(p> 0.05). These findings indicate that neither scopolamine nor
HR affect the behaviour of mice during this phase.

Figure 3(B) shows the mean normalized time spent exploring
two different objects (familiar versus novel) during the test phase
by six experimental groups. In the control group, the normalized
time to discover a novel object was significantly longer than that
of the familiar object (p< 0.05). In the scopolamine-treated
group, there was no statistically significant difference in the time
discoveries between novel and familiar objects (p> 0.05).
Treatment with AHR at 15mg/kg and donepezil at 5mg/kg in
mice given scopolamine, the time to discover novel objects was
significantly longer than that of familiar objects (p< 0.01 and
p< 0.001, respectively).

The results on the escape latency and swimming distances
during spatial learning in the MWM test are illustrated in Figure
4. The test showed no statistically significant difference in escape
latency between the experimental groups both before and after
treatment (p> 0.05). Upon comparison between days in the
experimental groups, the results showed that in the control
group, the mean escape latency and the swimming distances to
the platform on day 6 were statistically shorter than that on the
day 1 (p< 0.05). A comparison between the group of treatment
AHR at 5mg/kg in mice given scopolamine and the scopolam-
ine-treated group, there was no statistically significant difference
in the mean escape latency time between experimental days
(p> 0.05). Treatment of mice receiving scopolamine with AHR
at 10 and 15mg/kg and donepezil at 5mg/kg, the mean escape
latency and swimming distances to the platform on day 6 was
significantly shorter than on day 1 (p< 0.01, p< 0.05 and
p< 0.05, respectively).

Figure 5 shows the mean time spent swimming in the target
quadrant during the probe trial. The test showed that the time
spent in the target quadrant by the scopolamine-treated group
was significantly lower than the control group (p< 0.01).
According to the results, the treatment of mice given

Figure 2. The effect of AHR on memory and cognitive impairments induced by
scopolamine in mice as measured by the Y-maze test. Spontaneous alternation
behaviour (%) (A) and numbers of arm entries (B) during a 10min test session
were recorded. Data are presented as mean± SEM (n¼ 10 per group).

Figure 3. The effect of AHR on the time spent exploring objects in the sample
phase (A) and the test phase (B) during novel object recognition test. The time
spent exploring objects was normalized to the total duration of exploration. Data
are presented as mean± SEM (n¼ 10). Significant difference compared to a
familiar object at �p< 0.05, ��p< 0.01 and ���p< 0.001, respectively.

Figure 4. The effect of AHR on escape latencies (A) and swimming distance (B)
during the training-trial sessions of the Morris water maze task in mice with sco-
polamine-induced memory dysfunction. Data are presented as mean±SEM
(n¼ 10 per group). Significant difference from day 1 (#p< 0.01, ##p< 0.05,
respectively).
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scopolamine with AHR at 15mg/kg and donepezil at 5mg/kg,
the time in the target quadrant significantly increased compared
with the scopolamine group (p< 0.05 and p< 0.01, respectively).

Discussion

To the best of our knowledge, compounds 1–7 were isolated for
the first time from the genus Hippeastrum. From our under-
standing, the anti-AChEI of compounds 2, 5 and 6 was reported
for the first time in this study.

Recognition and memory in rodents such as mice are investi-
gated using many behavioural tests. The Y-maze test, Morris
water-maze test and recognition tests are usually applied in pre-
vious studies (Wolf et al. 2016; Lueptow 2017; Kraeuter et al.
2019). Thus, in the present study, we also employed these tests
to investigate the effects of HR extracts in ameliorating memory
and recognition deficits in experimental animals.

The main outputs from Y-maze analysis are the percentage of
spontaneous alternation and the number of arm entries. The per-
centage of spontaneous alternation can be used to measure
short-term spatial memory in mice. The number of entries per
arm is a measurement of activity and locomotion during the
testing session and is also be used to calculate the percent alter-
nations. There was no correlation between spontaneous alterna-
tion and the number of arm entries made. Our results showed
that AHR affected short-term spatial memory, but did not affect
locomotor activity in mice. It does not increase or decrease the
mice’s locomotor activity. Therefore, the total number of arm
entries of mice did not change significantly among the study
groups. In the Y-maze test, alternation behaviour was deter-
mined from successive entries into three different arms. Rodents
tend to explore new places that mice have not visited (Morellini
2013). Thus, alternation behaviour might be used to investigate
spatial memory in rodents (Sarter et al. 1988). In the present
study, after scopolamine injection, spontaneous alternation (%)
significantly decreased compared with that in vehicle-treated
mice. In contrast, after AHR treatments, the mean spontaneous
alternation (%) of mice was significantly increased at a dose of
15mg/kg compared with that in scopolamine-treated mice. These
results indicated that AHR at a dose of 15mg/kg ameliorated
deficits in memory and recognition.

In the Morris water test, mean latencies and swimming dis-
tances in the control decreased gradually from day 1 to day 6.
These indicated learning and spatial memory abilities in mice. In
the scopolamine-treated group, there were no significant differ-
ences in latencies and travel distances from day 1 to day 6.
These suggested that there is a deficit in learning and spatial

memory in scopolamine-treated mice. After treatments of AHR,
we found that there was a tendency for latencies and travel dis-
tances in mice to decrease, especially at doses of AHR 10 and
15mg/kg. This indicated the effect of AHR to ameliorate mem-
ory deficits of AHR-treated mice. To confirm this suggestion, we
continued to more thoroughly analyse mice’s behaviour in the
MWM test. On day 7, the platform was removed from the water
maze. The memory ability of mice was evaluated by time spent
in the target quadrant. A longer time spent in the target quad-
rant indicated better memory (Wolf et al. 2016). Our results
indicated that time spent in the target quadrant decreased in sco-
polamine-treated mice. This also indicated deficits in spatial
memory in scopolamine-treated mice. After treatments of AHR
extract, time spent in the target quadrant increased significantly
in mice treated with 15mg/kg. This suggested that AHR extract
strongly ameliorated memory deficits in the mouse model
of AD.

Recognition deficits in mice were investigated by the object
recognition test. Rodents prefer to explore novel objects longer
than familiar objects (Leger et al. 2013). The object recognition
test contains two continuative phases: a sample phase and a test
phase. In the sample phase, mice explored two similar objects.
As both objects were novel for mice, exploring time was equal
for the two objects in all experimental groups. In the test phase,
one of the two objects in the sample phase was displaced by the
novel object. Thus, there were differences in the exploring time
of the objects in experimental groups. These were as follows: in
the control group, the exploring time of the novel object was sig-
nificantly longer than that of the familiar object. This is normal
behaviour in mice. In the scopolamine group, there was no sig-
nificant difference in the exploring time of the novel object com-
pared with that of the familiar object. This indicated that
scopolamine induced a recognition deficit in mice. After treat-
ments, the time spent exploring the novel object was significantly
longer than that of the familiar object in AHR-treated mice at a
dose of 15mg/kg. This suggested that HR at a dose of 15mg/kg
ameliorated deficits in object recognition.

In summary, our results showed that AHR extract and done-
pezil exhibited similar trend in behavioural analysis. However,
AHR or its constituents may have better bioavailability and fewer
side effects than donepezil. Therefore, future studies are needed
to develop this potential species into a drug.

Conclusions

From AHR, seven alkaloidal compounds were isolated. Among
them, narciprimin, 3b,11a-dihydroxy-1,2-dehydrocrinane, N-
methyltyramine and N-chloromethylnarcissidinium showed anti-
AChE activity with range of IC50 values from 29.1 to 104.49 mg/
mL. In the in vivo experiment, the administration of AHR at
15mg/kg in mice given scopolamine effectively prevented mem-
ory and cognitive deficits.
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Figure 5. The effect of AHR on the time spent swimming in the target quadrant
during the probe-trial session of the Morris water maze test. Data are presented
as mean± SEM (n¼ 10 per group). �Significant difference from the control group
(p< 0.05); significant difference from the scopolamine-treated group (#p< 0.05,
##p< 0.01, respectively).
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