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Cognitive Enhancing Activity of  
Fermented Aloe arborescens Extract on  
Scopolamine-induced Memory  
Impairment in Mice

GiBeom Jeon1, Seong Hun Lee2, Yong Seong Kwon2, Jin Hong Beak2, Hyeon Lee1 
and Choong Je Ma3,4

Abstract

Background: Alzheimer’s disease (AD) is a type of dementia that leads to loss of memory and learning ability. Aloe 
arborescens is a traditional medicinal plant in Europe and Africa. It has been reported that A. arborescens showed anti-
inflammatory, anti-cancer, antioxidant, and anti-obesity effects. Previously, we reported that fermented A. arborescens extract 
had neuroprotective activity in glutamate-insulted HT22 cells.
Materials and Methods: In this study, we evaluated its cognitive enhancing activity by using scopolamine-induced memory 
impairment in mice as a model system. Morris water maze test was carried out to evaluate spatial memory enhancing activity 
and a passive avoidance test was performed to evaluate an effect on learning memory. A. arborescens was extracted with 
methanol in an ultrasonic extraction device and fermented with Lactobacillus brevis. Fermented A. arborescens extract was treated 
to scopolamine-insulted Institute of Cancer Research (ICR) mice at a concentration of 100, 200, and 300 mg/kg, respectively.
Results: The fermented A. arborescens extract significantly improved the scopolamine-insulted memory impairment. 
Fermented A. arborescens extract inhibited acetylcholine esterase activity and boosted brain-derived neurotrophic factor and 
phosphorylated cAMP-response element-binding protein (p-CREB) expression. These results showed that fermented AA 
extract improved memory impairment through the increase of the BDNF and p-CREB signal pathway.
Conclusion: According to these results, we considered that the fermented A. arborescens extract can be a useful candidate 
for new nutraceuticals for improving memory impairment.
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Introduction

Dementia is caused by various reasons and is one of the 
disorders of various cognitive functions such as learning 
ability, computing ability, language ability, and the like due to 
general cerebral dysfunction.1 It is known that 50 to 60% of 
dementia is caused by Alzheimer’s disease (AD), including 
the amyloid-b plaque caused by hyperphosphorylation of tau 
protein, neurofibrillary tangles, and neuronal cell death due to 
hostile stress.2–4 However, since a clear etiology has not yet 
been established, fundamental treatment is difficult. In the 
early stage, the symptoms are mild and difficult to detect, but 
as the disease progresses, neurons in various areas will be 
damaged and lead to disability in daily living. Drugs currently 
used for dementia treatment have included donepezil, 

livastagmine, and galatamine. However, these AChE 
inhibitors or N-methyl-d-aspartate (NMDA) receptor blockers 
are related to side effects such as disorders of the digestive 
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system and insomnia. Nowadays, many trials of the 
development of medicine for AD treatment has been failed, 
and it is urgent to find a new treatment.5–8 The Morris water 
maze (MWM) test is a behavioral test to evaluate spatial 
memory and learning function.9 A passive avoidance test is a 
method that can assess short-term or long-term memory.10 
Brain-derived neurotrophic factor (BDNF) is an important 
molecule that functioned in the regulation of cell growth in 
the central nervous system (CNS). It is necessary for memory 
formation and long-term potentiation (LTP) at the 
hippocampal and cortical synapses.11 It is reported that 
cAMP-response element-binding protein (CREB) upregulated 
specific target genes including BDNF as a cellular 
transcription factor. AD patients had a low level of BDNF 
gene expression in the brain.12

Aloe arborescens is a succulent plant with large green 
leaves with many spikes. It has long been widely used as a 
traditional medicine to treat various diseases. A. aborescens is 
well cultivated in warm and humid places and is mainly 
distributed in the western Mediterranean Sea, Australia, 
California, Japan, Korea, and the Marshall Islands. In Korea, 
the gel of succulent leaves of A. arborescens is extracted and 
used as a raw material for functional foods or cosmetics.13,14

According to various recent research, A. arborescens has 
been reported that it showed various pharmacological activities 
such as anti-fungal, antibacterial, antiviral, anti-tumor, 
antioxidant, anti-inflammatory, hepatoprotective, anti-obesity, 
wound healing, and burn to heal.15–19 Furthermore, it has also 
been reported A. arborescens contains many bioactive 
components such as polysaccharides, flavonoids, anthraquinone, 
and pyrones.20–22

The fermentation process is a kind of metabolic process that 
causes chemical changes through enzyme reactions and can be 
used as a useful way to increase the pharmacological activity of 
natural products through changes in the metabolites of natural 
products. The fermentation process using lactic acid bacteria 
performed under low temperatures or non-harsh conditions is 
mainly used to increase the activity of natural products without 
impairing their stability of natural products. Especially, 
Lactobacillus family is a widely used strain to increase the 
activity of natural products because Lactobacillus strain confirms 
the criteria set by the General Authorized As Safe (GRAS) of the 
Food and Drug Administration (FDA) guideline.23,24

In the previous study, A. arborescens-fermented extracts 
had significant results on neuronal cell protective activity 
against glutamate. Treatment of fermented A. arborescens 
extract not only effectively reduced ROS and Ca2+ ions, but 
also maintained mitochondrial membrane potential at normal 
levels. Glutathione content and activities of related enzymes 
such as glutathione reductase and glutathione peroxidase also 
significantly increased.

In this study, we tried to evaluate the cognitive enhancing 
activity of the fermented A. arborescens extract showing 
neuroprotective activity against scopolamine-induced 
memory impairment in mice through in vivo behavior tests 

such as MWM and passive avoidance tests. Furthermore, we 
attempted to elucidate mechanisms of action using by 
measurement of acetylcholine esterase activity and BDNF 
expression in the hippocampus of mice.

Materials and Methods

Plant Materials and Preparation

To obtain the fermented aloe extract, 100 g of dried 
A. arboresecens was extracted with 900 mL of distilled water 
at 100℃ for 24 h with a reflux condensed extractor (GLHMR 
B1000, Global Lab, Siheung, Korea). Then, the whole 
extracts were mixed with the following basal medium: 0.5% 
yeast extract, 1% peptone, 2% glucose, 0.01% magnesium 
sulfate, 0.005% manganese sulfate, 0.2% potassium 
phosphate, and 0.1% polysorbate 80. After that, 3% (v/v) of 
Lactobacillus brevis was inoculated into a medium that was 
already autoclaved at 121℃ for 30 min. The incubator was 
operated at 100 rpm and 37℃ for 3 days. Then, the culture 
broth was lyophilized to make a powder with a freeze dryer 
(RV8, Edwards, Sweden). The powders were stored at −20˚C 
before use.

Reagents

Scopolamine, phosphate buffered saline (PBS), and 
carboxymethyl cellulose (CMC) were purchased from Sigma 
(St Luis, MO, USA). Scopolamine was used to induce 
Alzheimer’s type dementia by an increase of activity of 
acetylcholine esterase.27 Donepezil was manufactured by 
Samjin Pharmaceutical Co., Ltd. (Seoul, Korea). Donepezil 
prevents acetylcholine esterase from the degradation of 
acetylcholine and to be maintained a high concentration of 
acetylcholine in neuronal cells. As a result, donepezil usually 
helps to improve memory and cognitive function.33 Actin, 
BDNF, CREB, and phosphorylated cAMP-response element-
binding protein (p-CREB) were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA).

Experimental Animals

Institute of Cancer Research (ICR) mice were used for the 
evaluation of cognitive-enhancing activity in this study. Four-
week-old ICR male mice were purchased from Kangwon 
Life Science Co. (Gangwon Province, Korea). These mice 
were adapted for 1 week at Kangwon National University 
Animal Care Center. The temperature (23 ± 1˚C), humidity 
(60%), and darkness (12 h) of the animal room remained 
constant during the adaptation period. Experimental animals 
received unlimited feed and water during the adaptation 
period. All animal experiments and care were carried out in 
accordance with Kangwon national university animal care 
and use guidelines IACUC (KIACUC). Also, the experiment 
was performed according to the ARRIVE guidelines.
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Drug Administration

The mice were split into six groups (n = 7): control group, 
scopolamine group, positive control group (donepezil (1 m/
kg) treatment), and three fermented A. arborescens extract 
groups (100, 200, and 300 mg/kg of fermented A. arborescens 
treatment). Fermented A. arborescens extract and donepezil 
were treated 90 min before scopolamine treatment by oral 
administration. The control group was treated with only 0.5% 
CMC solution. Scopolamine (1 mg/kg) was dissolved in 
normal saline (0.9% NaCl) and treated in all groups except 
the controls by subcutaneous injection 30 min before the 
behavior test. The mice were treated over four consecutive 
days before undergoing daily trials in the MWM test and 
were treated for only 1 day (training trial) before the passive 
avoidance test.

MWM Test

The MWM test was performed as described by Morris. The 
MWM test was carried out in a large circular pool (90 cm 
diameter and 40 cm height) filled with water (20 ± 1°C) and 
500 ml of white milk. The water maze test area was divided 
into four quadrants, and the escape platform (10 cm diameter 
and 26 cm height) was placed 1 cm below the surface of the 
water in the center of one quadrant. All swimming activities 
of mice, including swim time, distance, and speed were 
monitored and recorded by a smart video-tracking system 
(ver. 2.5.21) linked video camera. After the mouse found and 
reached the platform, the time was recorded as escape latency. 
Mice were allowed 60 s in the absence of the platform as a 
test trial on the first day. The mice were given four trial 
sessions per day for four consecutive days and the interval 
between each trial session was 1 day. If the mouse did not 
find the platform within 120 s, the trial session was quit and 
the escape latency was recorded as 120 s. After the experiment, 
the mice were euthanized by cervical dislocation.

Passive Avoidance Test

The passive avoidance was carried out using two equally 
sized compartments (17 cm × 12 cm × 10 cm) with an 
electrifiable grid floor and two compartments were separated 
by a guillotine door. An acquisition trial was performed on 
the first day. The mouse was initially placed and explored in 
the light compartment. The door between the two 
compartments was opened after 40 s. When the mouse moved 
into the dark compartment, the door automatically closed. 
About 24 h after the acquisition trial, the mouse was placed in 
a light compartment and the guillotine door was opened 30 s 
after. When the mice moved into the dark compartment, the 
door closed automatically and an electric foot shock  

(0.1 mA/10 g body weight) for 2-sec durations was delivered 
through the grid floor. 24 h after the training trial, the mice 
were again placed into the light compartment and the latency 
that was taken to enter the dark compartment after opening 
the door within 180 s, was measured. After the experiment, 
the mice were euthanized by cervical dislocation.

Acetylcholinesterase (AChE) Inhibition Assay

An AChE inhibition assay was performed according to the 
method described by Ellman with slight modification.25 The 
brain tissue was immediately removed from the mouse within 
30 min after the behavior test. The hippocampi were isolated 
from the brain tissues of the mice and rapidly homogenized with 
sodium phosphate buffer. The reaction mixture contained 33 mL 
of supernatant, 470 mL of phosphate buffer (pH 8.0), 167 mL of 
5,5’-dithio-bis(2-nitrobenzoic acid) (DTNB) (3 mM), and  
280 mL of acetylcholine iodide (ACh) (1 mM). Inhibition of the 
AChE enzyme of fermented A. arborescens extract was 
measured by AChE enzyme activity. The reaction mixture was 
consisting of AChE, DTNB, and ACh. AChE activity was 
measured at 412 nm using a spectrophotometer.

Western Blot Analysis

The hippocampus was prepared from the mouse within 30 
min of the behavioral test. Then, the hippocampus was 
washed with PBS, dissolved in 1 ml of RIPA buffer to dissolve 
the protein, and the precipitate and supernatant were separated 
by centrifugation and homogenized. The supernatant was 
subjected to 15% SDS-PAGE gel and transferred to the PVDF 
membrane. The membrane was blocked in 5% skim milk for 
1 h and was incubated with primary antibodies, with mouse 
anti-actin (1:2000), rabbit anti-BDNF (1:1000), mouse anti-
CREB (1:1000), and goat anti-p-CREB (1:500) for overnight 
at 4˚C. After incubation, the membrane was washed three 
times for 10 min and secondary antibodies (goat-anti-rabbit 
IgG HRP 1:2000 for BDNF and horse-anti-goat IgG HRP for 
p-CREB and goat-anti-mouse IgG HRP 1:2000 for actin and 
CREB) were incubated for 1 h at room temperature and the 
membrane washed five times. Detection was performed using 
enhanced chemiluminescence (ECL) solution and exposed to 
X-ray film in a dark room.

Statistics

The results from the MWM, passive avoidance test, and 
western blot experiment were mean ± SEM, respectively. All 
experimental results were statistically analyzed using 
ANOVA and the difference between the experimental groups 
was significant at p < 0.05, 0.01, and 0.001 levels.
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Results and Discussion

Fermented A. arborescens Extract Improved 
Spatial Memory Against Scopolamine Insulted 
Memory Impairment in Mice

MWM test was applied to evaluate the cognitive enhancing 
activity of fermented A. arborescens extract against 
scopolamine-induced memory loss (Figure 1A). The escape 
latency (s) of the control group mice has been significantly 
and continuously decreasing day by day for four trial days. 
The escape latency time of the control group on the fourth 
day was 12 s. However, the escape latency of scopolamine 
treated group mice was longer than that of the control group 
and remained constant without decreasing after the first day. 
The escape latency time of the scopolamine-treated group on 
the fourth day was 96.2 s. This means that scopolamine 
appropriately induced memory impairment in mice in this 
experiment. We conducted the test for the evaluation of the 
memory-enhancing activity of fermented A. arborescens 
extract for a total of four days and observed a significant 
difference in each concentration group after the third day of 
the experiment. The latency time of the donepezil-treated 
group was observed at 52.4 s on the third day and significantly 
reduced to about 33.0 s on the fourth day. The fermented 
A. arborescens extract-treated group showed a decrease in 
escape latency in a dose-dependent manner compared to the 
scopolamine-treated group. At the concentration of 200 mg/
kg of fermented A. arborescens, the latency time was 12.2 s. 
The latency time of 100 mg/kg and 300 mg/kg of fermented 
A. arborescens extract-treated groups were 83.1 s and 37.4 s, 
respectively (Figure 1A).

As shown in Figure 1B, the swimming distance of the control 
group was much shorter than that of the scopolamine-treated 
group. The swimming distance of the control group was 1503 
cm and that of the scopolamine-treated group was 2613 cm. The 
fermented A. arborescens extract significantly decreased 
swimming distance that increased by scopolamine-induced 
memory impairment for 4 days in a dose-dependent manner. 
The swimming distances of 100 mg/kg, 200 mg/kg, and 300 
mg/kg of fermented A. arborescens extract treated groups were 
2118, 2043, and 1986 cm, respectively (Figure 1B).

To take the probe test, the time mice stayed in the target 
quadrant with the platform was measured. The control group 
stayed in the target quadrant longer than the scopolamine-
treated group. The time spent in the target quadrant of the 
control group was 32.3 s and that of the scopolamine-treated 
group was 8.3 s. The fermented A. arborescens extract-treated 
group increased time consumption in the target quadrant in a 
dose-dependent manner. The time spent in the target quadrant 
of 100 mg/kg, 200 mg/kg, and 300 mg/kg of fermented 
A. arborescens extract treated groups were 20.8 s, 21.2 s, and 
26.8 s, respectively (Figure 1C).

The swimming speed of the mouse was measured to 
confirm that the decrease in the time to find the target platform 

in the fermented A. arborescens-treated group was not due to 
an increase in the mouse's motor ability. A significant 
difference in the mean swimming speed of the mice was not 
observed among control, scopolamine-treated, fermented 

Figure 1. The effect of fermented A. arborescens extract on spatial 
memory enhancement. (A) The effect of fermented A. arborescens 
extract on the escape latency of scopolamine-treated mice in the 
Morris water maze test. The fermented A. arborescens extract (100, 
200, and 300 mg/kg body weight, PO) and donepezil (1 mg/kg body 
weight, PO) were administered 90 min before induction of memory 
impairment by scopolamine. The escape latency of each group during 
the training-session trials is presented. (B) Mean swimming distance 
to find the platform over 4 days. (C) The effect of the fermented A. 
arborescens extract in the probe trial. The time spent in the target 
quadrant during the probe trial was presented. (D) Swim speed to 
find the platform over 4 days.

Notes: Data are mean escape latencies ± SD (n = 6).
##𝑝 < 0.01 and ###𝑝 < 0.001 versus the control group.
∗p < 0.05, ∗∗p < 0.01 and ∗∗∗p < 0.001 versus scopolamine-treated mice.
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A. arborescens-treated, and donepezil-treated groups (Figure 
1D). These data indicated that the effect of scopolamine, 
donepezil, and A. arborescens extract was not due to the 
improvement of the mouse's locomotor activity, but to the 
enhancement of spatial memory.

MWM test was used to measure the protective effect of 
fermented A. arborescens extract against scopolamine-
induced cognitive impairment. MWM was designed to 
evaluate spatial memory and learning skills.26 Scopolamine 
was well known to block cholinergic signaling and caused 
impairment in learning and memory.27 And, it has been 
reported that scopolamine increased the AChE activity in 
the hippocampus of the mouse. Fermented A. arborescens 
extract decreased escape latency that increased by 
scopolamine treatment in a dose-dependent manner in 
MWM test. And fermented A. arborescens extract-treated 
group found a shorter way to reach the platform than the 
scopolamine-treated group. However, the average 
swimming speed of mice was not significantly different 
during the 4 days for all groups. These results confirmed 
that the decrease in escape latency of the fermented A. 
arborescens-treated group was not due to strengthening 
muscular motility but due to the recovery of memory 
impairment. Moreover, we established that fermented A. 
arborescens extract-treated mice remembered and 
recognized the location of the platform because the 
fermented A. arborescens extract-treated group stayed 
longer in the target quadrant including the platform 
compared to scopolamine-treated group. In conclusion, the 
fermented A. arborescens extract was shown to improve 
spatial memory and learning ability in the MWM test.

Fermented A. arborescens Extract Improved 
Learning Memory Against Scopolamine 
Attenuated Memory Ability in the Passive 
Avoidance Test

Passive avoidance tests were generally applied to evaluate 
LTP.28 To confirm the long-term memory improvement effect 
of the fermented A. arborescens extract treatment, the passive 
avoidance experiment was carried out on the scopolamine-
induced memory impairment in the mouse model. There was 
no significant difference in latency time among all groups in 
the acquisition trial (Figure 2). The control group, 
scopolamine-treated group and donepezil-treated group had 
average latency times of 2.26 s, 2.26 s, and 2.1 s, respectively. 
And the fermented A. arborescens extract-treated group 
showed average latency times of 2.5 s, 2.42 s, and 2.36 s at a 
concentration of 100 mg/kg, 200 mg/kg, and 300 mg/kg, 
respectively. These data showed that the test began at an 
equal point among all groups.

However, the latency time of the scopolamine-treated 
group was significantly decreased compared with the control 
group in the test trial. Therefore, it was confirmed that the 
induction of memory impairment by scopolamine in mice 
was effectively accomplished. In the test trial, the latency 
time of the control group was 11.44s and the scopolamine-
treated group measured a latency time of about 4.26 s. And 
the fermented A. arborescens extract-treated group increased 
average latency times of 8.68 s, 8.22 s, and 10.08 s at the 
concentration of 100 mg/kg, 200 mg/kg, and 300 mg/kg, 
respectively.

The passive avoidance test is carried out using animal 
learning to avoid aversive stimulation such as an electron foot 
shock. The fermented A. arborescens extract was administered 
orally and the passive avoidance test was carried out to 
evaluate to improve scopolamine-induced memory deficiency 
and LTP. In the acquisition trial, no significant difference was 
measured in all groups. These results suggested that all 
experimental mice used in the experiments were in a similar 
condition. However, the fermented A. arborescens extract 
increased the mean latency time in a dose-dependent manner 
compared to the scopolamine-treated group. These data 
suggested that fermented A. arborescens extract effectively 
increased learning ability and recovered the memory 
impairment and deficiency induced by scopolamine treatment.

Fermented A. Aroborescens Extract 
Inhibited Ache Activity In The 
Hippocampus
The effect of fermented A. arbroescens extract on AChE 
activity in the hippocampus was evaluated. AChE activity 
increased in the scopolamine-treated group compared to the 
control group, whereas fermented A. arbroescens extract 

Figure 2. The effect of the fermented A. arborescens extract on 
scopolamine-induced memory impairment in the passive avoidance 
test. The latency prior to entry to the dark compartment was 
recorded.

Notes: Data are mean latency times (s) ± SD (n = 6).
∗p < 0.05, ∗∗p < 0.01 and ∗∗∗p < 0.001 compared with the scopolamine 
treated group.
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The expressions and activities of some enzymes were 
measured to evaluate the mechanism of action on the memory 
improvement activity of the fermented A. arborescens extract. 
Acetycholine has an important role in learning and memory 
and shows an influence on working memory and spatial 
memory function. In the central nerve system of the patients 
with neurodegenerative diseases, the amount of acetylcholine 
was lower than in healthy people and a low level of 
acetylcholine was responsible for memory impairment. It has 
been reported that activation and expression of acetylcholine 
esterase decreased acetylcholine levels in the synapse of AD 
patients.29,30 For this reason, acetylcholine esterase has been 
the pharmacological target of treatment for AD. Many 
acetylcholine esterase inhibitors including donepezil, 
galantamine, and tacrine were developed and taken for the 
AD patients. They can attenuate memory impairment by 
inhibiting the degradation of acetylcholine.31–33 In the 
acetylcholine esterase assay, fermented A. arborescens extract 
inhibited acetylcholine esterase activity in a dose-dependent 
manner. These results suggested that fermented A. arborescens 
extract attenuated the scopolamine-induced memory 
deficiency by inhibiting the activity of acetylcholine esterase 
followed by the increase of acetylcholine.

Fermented A. aroborescens Extract Increased the 
BDNF and p-CREB Levels in the Hippocampus

BDNF was related to the canonical nerve growth factor and 
played an important role in the long-term memory of certain 

Figure 3. The effect of the fermented A. arborescens extract on 
the activity of acetylcholine esterase in the hippocampi of the 
mice.

Notes: Data were mean ± SD.
∗𝑝 < 0.05, ∗∗𝑝 < 0.01 and ∗∗∗𝑝 < 0.001 compared with the scopolamine-
treated group (𝑛 = 3).

Figure 4. The effect of the fermented A. arborescens extract on 
BDNF expression in the hippocampus of the mice by western blot 
analysis.

Notes: Data are means ± SD.
∗𝑝 < 0.05, ∗∗𝑝 < 0.01 and ∗∗∗𝑝 < 0.001 compared with the scopolamine-
treated group (n = 3).

Figure 5. The effect of the fermented A. arborescens extract on 
p-CREB expression in the hippocampus of the mice by western 
blot analysis.

Notes: Data are means ± SD.
∗𝑝 < 0.05, ∗∗𝑝 < 0.01 and ∗∗∗𝑝 < 0.001 compared with the scopolamine-
treated group (n = 3).

significantly inhibited AChE activity in a dose-dependent 
manner (p < 0.05) (Figure 3). AChE activity of the 
scopolamine-treated group was increased to 142.2% 
compared to the control group. And the fermented A. 
arborescens extract-treated group decreased AChE activity 
by 125.6, 122.1, and 108.5% at the concentration of 100 mg/
kg, 200 mg/kg and 300 mg/kg, respectively.
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neurons in the hippocampus. We evaluated the expression of 
BDNF protein using western blot analysis. BDNF expression 
was significantly decreased due to scopolamine treatment but 
significantly increased in the fermented A. arborescens 
extract-treated group in a dose-dependent manner (Figure 4). 
CREB was well known to be one of the transcription factors 
that regulate the expression of neurological important proteins 
such as BDNF through the phosphorylation process as a 
phosphorylated form of CREB (p-CREB). We also evaluated 
the expression of CREB and p-CREB protein using western 
blot analysis. The expression of phosphorylation of CREB 
(p-CREB) was decreased after scopolamine treatment 
compared to the control group. However, the fermented 
A. arborescens extract-treated group showed significantly 
increased p-CREB/CREB ratios in the hippocampus 
compared with the scopolamine-treated group (Figure 5).

BDNF is one of the neural growth factor families and is 
known to play an important role in regulating neurotransmitters 
and neuroplasticity in the hippocampus. And CREB is one of 
the memory processes and long-term formation-related 
transcription factors and plays an essential role in BDNF 
gene expression after the phosphorylation process. 
Phosphorylation of CREB leads to the upregulation of BDNF 
(phosphorylated at Ser-133).34–38 We investigated the effect 
of fermented A. arborescens extract on BDNF expression and 
CREB phosphorylation in the scopolamine-treated mice by 
western blot analysis. We confirmed that fermented 
A. arborescens extract increased the expression of BDNF 
protein and phosphorylation of CREB in the hippocampus. 
These results indicated that the cognitive-enhancing activity 
of fermented A. arborescens extract was influenced by the 
activation of BDNF and phosphorylation of CREB.

Conclusion

In conclusion, we have shown that fermented A. arborescens 
extract could attenuate scopolamine-induced memory 
impairments in mice, and this may be attributed to the acetylcholine 
esterase inhibition and activated BDNF and p-CREB signaling 
caused by fermented A. arborescens extract. The present study 
suggests that fermented A. arborescens extract may be a new 
botanical drug candidate for the treatment of neurodegenerative 
diseases such as AD. However, compounds that play an important 
role in the enhancement of the cognitive function of fermented A. 
arborescens extract have not yet been identified. It is thought that 
further research on active compounds is necessary.
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treatment of degenerative brain diseases by cognitively enhancing 
activity against memory impairment.

References

1.		 Crapper DR and DeBoni U. Brain aging and Alzheimer’s 
disease. Can Psychiatr Assoc J 1978; 23(4): 229–233. DOI: 
10.1177/070674377802300406.

2.		 Sadigh-Eteghad S, Sabermarouf B, Majdi A, et al. Amyloid-
beta: a crucial factor in Alzheimer’s disease. Med Princ Pract 
2015; 24(1): 1–10. DOI: 10.1159/000369101.

3.		 Esch FS, Keim PS, Beattie EC, et al. Cleavage of amyloid 
beta peptide during constitutive processing of its precursor. 
J Science 1990; 248(4959): 1122–1124. DOI: 10.1126/sci-
ence.2111583.

4.		 Palop JJ and Mucke L. Amyloid-β–induced neuronal dysfunc-
tion in Alzheimer’s disease: from synapses toward neural net-
works. Nat Neurosci 2010; 13(7): 812–818. DOI: 10.1038/
nn.2583.

5.		 Coyle JT, Price DL, Delong MR. Alzheimer’s disease: a 
disorder of cortical cholinergic innervation. Science 1983; 
219(4589): 1184–1190. DOI: 10.1126/science.6338589.

6.		 Melo JB, Agostinho P, Oliveira CR. Involvement of oxida-
tive stress in the enhancement of acetylcholinesterase activity 
induced by amyloid beta-peptide. Neurosci Res 2003; 45(1): 
117–127. DOI: 10.1016/s0168-0102(02)00201-8.

7.		 Weon JB, Yun BR, Lee JW, et al. The ameliorating effect 
of steamed and fermented Codonopsis lanceolata on 
scopolamine-induced memory impairment in mice. Evi 
Based Complement Altern Med 2013; 2013: 1–7. DOI: 
10.1155/2013/464576.

8.		 Ballard CG. Advances in the treatment of Alzheimer’s disease: 
benefits of dual cholinesterase inhibition. Eur J Neurol 2002; 
47(1): 64–70. DOI: 10.1159/000047952.



12	 Pharmacognosy Magazine 19(1)

9.		 Vorhees CV and Williams MT. Morris water maze: procedures 
for assessing spatial and related forms of learning and memory. 
Nat Protoc 2006; 1(2): 848–858. DOI: 10.1038/nprot.2006.116.

10.	 Calhoun WH and Smith AA. Effects of scopolamine on acquisi-
tion of passive avoidance. Psychopharmacologia 1968; 13(3): 
201–209. DOI: 10.1007/BF00401400.

11.	 Panja D, and Bramham CR. BDNF mechanisms in late LTP for-
mation: a synthesis and breakdown. Neuropharmacology 2014; 
76(C): 664–676. DOI: 10.1016/j.neuropharm.2013.06.024.

12.	 Saura CA and Valero J. The role of CREB signaling in 
Alzheimer’s disease and other cognitive disorders. Rev Neurosci 
2011; 22(2): 153–169. DOI: 10.1515/RNS.2011.018.

13.	 Boudreau MD, and Beland FA. An evaluation of the biological 
and toxicological properties of Aloe barbadensis (miller), Aloe 
vera. J Environ Sci Health C Environ Carcinog Ecotoxicol Rev 
2006; 24(1): 103–154. DOI: 10.1080/10590500600614303,.

14.	 Surjushe A, Vasani R, Saple DG. Aloe vera: A short review. 
Indian J Dermatol 2008; 53(4): 163–166. DOI: 10.4103/0019-
5154.44785.

15.	 Jones K, Hughes J, Hong M, et al. Modulation of melano-
genesis by aloesin: A competitive inhibitor of tyrosinase. 
Pigment Cell Res 2002; 15(5): 335–340. DOI: 10.1034/j.1600-
0749.2002.02014.x.

16.	 Kumar M, Rakesh S, Nagpal R, et al. Probiotic Lactobacillus 
rhamnosus GG and Aloe vera gel improve lipid profiles in 
hypercholesterolemic rats. Nutrition 2013; 29(3): 574–579. 
DOI: 10.1016/j.nut.2012.09.006.

17.	 Li SW, Yang TC, Lai CC, et al. Antiviral activity of aloe-
emodin against influenza A virus via galectin-3 up-regula-
tion. Eur J Pharmacol 2014; 738: 125–132. DOI: 10.1016/j.
ejphar.2014.05.028.

18.	 Chihara T, Shimpo K, Beppu H, et al. Effects of aloe-emodin 
and emodin on proliferation of the MKN45 human gastric can-
cer cell line. Asian Pac J Cancer Prev 2015; 16(9): 3887–3891. 
DOI: 10.7314/apjcp.2015.16.9.3887.

19.	 Yao H, Chen Y, Li S, et al. Promotion proliferation effect of a 
polysaccharide from Aloe barbadensis Miller on human fibro-
blasts in vitro. Int J Biol Macromol 2009; 45(2): 152–156. DOI: 
10.1016/j.ijbiomac.2009.04.013.

20.	 Viljoen AM and Van Wyk B. The chemotaxonomic signifi-
cance of the phenyl pyrone aloenin in the genus aloe. Biochem 
Syst Ecol 2000; 28(10): 1009–1017. DOI: 10.1016/s0305-
1978(00)00018-1.

21.	 Lucini L, Pellizzoni M, Pellegrino R, et al. Phytochemical con-
stituents and in vitro radical scavenging activity of different 
aloe species. Food Chem 2015; 170: 501–507. DOI: 10.1016/j.
foodchem.2014.08.034.

22.	 El Sayed AM, Ezzat SM, El Naggar MM, et al. In vivo diabetic 
wound healing effect and HPLC–DAD–ESI–MS/MS profiling 
of the methanol extracts of eight aloe species. Revista Brasileira 
de Farmacognosia 2016; 26(3): 352–362. DOI: 10.1016/j.
bjp.2016.01.009.

23.	 Kim HM, Lee DE, Park SD, et al. Oral administration of 
Lactobacillus plantarum HY7714 protects hairless mouse 

against ultraviolet B-induced photoaging. J Microbiol Biotechnol 
2014; 24(11): 1583–1591. DOI: 10.4014/jmb.1406.06038.

24.	 Lee XM, Lee HA, Kweon M, et al. Probiotic effects of 
Lactobacillus plantarum strains isolated from kimchi. J Korean 
Soc Food Sci & Nutr 2016; 45(12): 1717–1724. DOI: 10.3746/
jkfn.2016.45.12.1717.

25.	 Pohanka M, Jun D, Kuca K. Photometric microplate assay for 
estimation of the efficacy of paraoxon-inhibited acetylcholin-
esterase reactivation. J Enzyme Inhib Med Chem 2008; 23(6): 
781–784. DOI: 10.1080/14756360701811023.

26.	 Morris R. Developments of a water-maze procedure for study-
ing spatial learning in the rat. J Neurosci Methods 1984; 11(1): 
47–60. DOI: 10.1016/0165-0270(84)90007-4.

27.	 Ebert U, and Kirch W. Scopolamine model of dementia: electroen-
cephalogram findings and cognitive performance. Eur J Clin Invest 
1998; 28(11): 944–949. DOI: 10.1046/j.1365-2362.1998.00393.x.

28.	 Stachenfeld KL, Botvinick MM, Gershman SJ. The hippocam-
pus as a predictive map. Nat Neurosci 2017; 20(11): 1643–
1653. DOI: 10.1038/nn.4650.

29.	 Lewis PR, Shute CC, Silver A. Confirmation from choline acet-
ylase analyses of a massive cholinergic innervation to the rat 
hippocampus. J Physiol 1967; 191(1): 215-224. DOI: 10.1113/
jphysiol.1967.sp008246.

30.	 Blokland A. Acetylcholine: A neurotransmitter for learn-
ing and memory? Brain Res Rev 1995; 21(3): 285–300. DOI: 
10.1016/0165-0173(95)00016-x.

31.	 McGleenon BM, Dynan KB, Passmore AP. Acetylcholinesterase 
inhibitors in Alzheimer’s disease. Br J Clin Pharmacol 1999; 
48(4): 471–480. DOI: 10.1046/j.1365-2125.1999.00026.x.

32.	 Ballard CG. Advances in the treatment of Alzheimer’s disease: 
benefits of dual cholinesterase inhibition. Eur J Neurol 2002; 
47(1): 64–70. DOI: 10.1159/000047952.

33.	 Birks JS, and Harvey RJ. Donepezil for dementia due to Alzheimer’s 
disease. Cochrane Database Syst Rev 2018; 6: CD001190.

34.	 Bekinschtein P, Cammarota M, Izquierdo I, et al. BDNF and 
memory formation and storage. Neuroscientist 2008; 14(2): 
147–156. DOI: 10.1177/1073858407305850.

35.	 Bramham CR, and Messaoudi E. BDNF function in adult 
synaptic plasticity: the synaptic consolidation hypothesis. 
Prog Neurobiol 2005; 76(2): 99–125. DOI: 10.1016/j.pneuro-
bio.2005.06.003.

36.	 Takei N, Kuramoto H, Endo Y, et al. NGF and BDNF increase 
the immunoreactivity of vesicular acetylcholine transporter in 
cultured neurons from the embryonic rat septum. Neurosci Lett 
1997; 226(3): 207–209. DOI: 10.1016/s0304-3940(97)00284-x.

37.	 Shi Z, Chen L, Li S, et al. Chronic scopolamine-injec-
tion-induced cognitive deficit on reward-directed instru-
mental learning in rat is associated with CREB signaling 
activity in the cerebral cortex and dorsal hippocampus. 
Psychopharmacol 2013; 230(2): 245–260. DOI: 10.1007/
s00213-013-3149-y.

38.	 Kida S. A functional role for CREB as a positive regulator of 
memory formation and LTP. Exp Neurobiol 2012; 21(4): 136–
140. DOI: 10.5607/en.2012.21.4.136.


