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Novel antioxidants and acetylcholinesterase (AChE) inhibitors from fruits’ peel could be valuable alternatives for
anti-amnesia. Wampee (WP) fruits are a rich source of high antioxidants. A lack of scientific document supports the
efficacy of WP peel extract to ameliorate the memory impairment against amnesia induced by chronic restraint stress
(CRS) until now. This study intended to illuminate the cognitive enhancer effect of WP peel extract in a rat model of
CRS. The Wistar rats were treated with the WP peel extract (200, 400, and 600 mg/kg) in a restrainer for 4 hours for 28
consecutive days. The object recognition and Morris water maze tests were used to evaluate cognitive performances.
The lipid peroxidation, AChE inhibitory, and scavenging enzyme activities in the rat's brain were also investigated.
CRS exposure induces oxidative stress, decreases the antioxidant enzymes but increases AChE activities, and causes
memory deficit in cognitive tests. Hence, all various doses of WP peel extract were able to significantly diminish
chronic stress-induced memory deficit, attenuated the brain deterioration originated by an excessive oxidative stress,
and show a capacity to inhibit AChE enzyme activity. These findings indicate that WP peel extract was safe and
valuable functional ingredients to develop the product for brain-boosting foods.
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INTRODUCTION
Several studies have reported that chronic stress
exposure has many effects on the central and peripheral nervous
system and can cause deleterious effects on brain structure and
cognitive function (Azman et al., 2018; Lupien et al., 2009). The
reactive oxygen species (ROS) and oxidative reaction originated
by prolonged stress exposure have been involved in cognitive
decline (Farr et al., 2003; Li et al., 2008). Humans exposed to
prolonged stress may induce the generation of free radicals and
reduce the brain antioxidant enzymes activity both in the cerebral
cortex and hippocampus (Moceri et al., 2000; Wang et al., 2014).
Various studies revealed that the cognitive performance
in experiment animals as well as in human was correlated
with the accumulation of the ACh-hydrolyzing enzyme and
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acetylcholinesterase (AChE) concentration (Croxson et al., 2011;
Newman et al., 2012). Therefore, acetylcholinesterase inhibitors
(AChEIs) are the current mainstays of symptomatic therapy for
memory disorders (Ashford, 2015).
Nowadays, the peel of fruits or plants has gained much
attention and is recommended as a rich source of fiber, minerals,
vitamins, and antioxidants (Parashar et al., 2014). Researchers
have studied on various fruit peels to prove that antioxidant activity
exists in the peel of the fruit, such as hawthorn, banana, mango,
and pomegranate peels possessing high antioxidant activities (Guo
et al., 2003). However, there is limited evidence supporting the
improvement of cognition through the fruits’ peel consumption.
Clausena lansium (Lour.) Skeels or wampee (WP) belong
to family Rutaceae that is a native plant commonly found in Northern
Thailand and Southern China. It is used in China and Thai traditional
medicines to prevent and treat the common cold, cough, malaria,
and dermatological and digestive problems (Adebajo et al., 2009;
Jackobsen et al., 1972; Stuan, 1977). It has been revealed that WP
possesses the biological and pharmacological activities including
antimicrobial, anti-inflammatory, antitumor, hepatoprotective,
antifungal, antiobesity, antioxidant, and neuroprotective effects (Liu
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et al., 1996a, 2019b; Ng et al., 2003; Shen et al., 1989). Besides,
the previous study has presented that the WP peel displays the
antioxidant and anticancer properties in vitro models and SGC7901 human gastric carcinoma, HepG-2 human liver cancer cells,
and A-549 human lung adenocarcinoma (Prasad et al., 2009a).
According to all the information as we mentioned above,
it had led to the notion that WP peel extracts dietary consumption,
which might be beneficial in combating cognitive impairment
induced by chronic stress exposure (CRS). In this study, we
determined whether the WP peel extract could restore the memory
deficit induced by CRS through the inhibition of AChE activity or
reduce the oxidative stress. The restoration of cognitive decline
was gauged using the object recognition (ORT) and Morris water
maze (MWM) tests. To investigate the oxidative status, the activity
of endogenous antioxidant enzyme superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), and concentration
of malondialdehyde (MDA) as a biomarker of lipid peroxidation
in the rat brains after exposed to chronic stress was investigated.
MATERIALS AND METHODS
Drug and chemicals
Acetylthiocholine iodide (ATCI), 5,5′-dithiobis
(2-nitrobenzoic acid) (DTNB), and ATCI were purchased from
Tokyo Chemicals Industry (Tokyo, Japan). Thiobarbituric
acid (TBA), 2,4-dinitrophenylhydrazine, and Vitamin C were
purchased from Sigma Chemical Co. (St. Louis, MO). All other
chemicals and reagents with analytical grade and were purchased
from Merck (Darmstadt, Germany).
Preparation of the crude extract
The ripe fruits of WP were collected from Amphoe
Tanao, Nan Province, Thailand, and were processed directly after
it obtained at the laboratory. WP’s peels were removed and washed
carefully with tap water and dried with hot air oven at 40°C. The
dried materials were homogenized and macerated in a mixture of
ethanol and distilled water for 48 hours. The WP peel extract was
filtered and concentrated by a rotary evaporator. The percentage
yield of the final extract was 10.93% and stored at 4°C in lightprotected flasks until studied further in the animals.
Animals
Adult male Wistar rats weighing 200–250 g from
Nomura Siam International Co. Ltd., Bangkok, Thailand, were
used in this study. The experimental protocols were approved by
the Institutional Animal Care and Committee of the University of
Phayao, Thailand (No. 620104024) and followed the principles of
Laboratory Animal Care (National Institutes of Health publication,
#85–23, revised in 1985).
All rats were housed in standard metal cages under
control at ambient temperature of 22°C ± 2°C with a relative
humidity of 55% ± 10 and 12:12-hours light–dark cycle. They
were fed with commercial pellet diet and clean water ad libitum.
The animals were permitted to adjust to the new environment for
7 days before the experiment was started.
Experimental protocol
After acclimatization, 40 rats were divided into different
groups (n = 8/group) as follows:

Group I: Vehicle + CRS; rats had been treated with
vehicle (distilled water)
Group II: Vitamin C + CRS; rats had been treated with
Vitamin C (100 mg/kg; a standard antioxidant and attenuate
memory impairment)
Group III–V: WP peel + CRS; rats had been treated
with WP peel extract (200, 400, and 600 mg/ kg), all doses of the
extracts were chosen based on the doses of WP peel extract which
showed the memory-enhancing effect from the preliminary data.
All substances were given via oral gavage at 7:00 a.m.
once a day for 28 days. For chronic stress induction, all rats were
started to expose the immobilization stress for 4 hours’ daily,
approximately 30 minutes after oral administration.
Chronic restraint stress (CRS) method
All animals were exposed to CRS daily between 8:00
and 12:00 a.m. for 28 consecutive days. The restraint stress was
accomplished using a plastic tube (20 × 7 cm2 in diameter). There
was 3-mm hole at the end of the tube for breathing, and the other side
of the tube was closed with a plexiglass lid. The rat was permitted
ample air but unable to move, and food or water was deprived.
At the end of the study, both spatial and nonspatial
memory performances were determined by the ORT and MWM
tests, respectively. Rats were anesthetized with ether and
decapitated immediately after the cognition assessment.
Whole rat’s brain was rapidly removed, washed with
isotonic ice-cold NaCl solution, and weighed and homogenized in
sodium phosphate buffer pH 7.4 with Triton X-100 using PotterElvehjem homogenizer under ice-cold condition at 4°C. After
centrifugation at 9,000 g, 4°C for 30 minutes, the supernatants
were stored at −70°C for measured AChE activity, SOD and CAT
activities, and MDA concentration.
Object recognition (ORT) test
The apparatus consisted of a plexiglass (70 × 50 × 40
cm) and a metal triangular (7 × 5 × 10 cm) and rectangular plastic
(5 × 5 × 10 cm) were used as objects to be separated. On day 1, the
rats were permitted to explore the test apparatus without objects
for 180 seconds. Two identical objects were then presented after
24 hours for exploration (T1). Object exploration was assessed
when the rat sniffed or touched the object <2 cm from its nose and
was allowed to explore both objects freely for 5 minutes, and then,
the rat was moved back into the cage. The ORT apparatus was
cleaned with 10% ethanol solution and tissue paper to eliminate
any remaining odor impregnation.
Retrieval memory was verified 24 hours’ later, in which
one of the objects was replaced by a novel one. Rats were allowed
to explore a novel and familiar object for 5 minutes. The time
spent on exploring each object was recorded by a stopwatch. The
results were shown as the discrimination index (DI), which is
defined as the explorative time for the new object and the familiar
object during the retention test.
Morris water maze (MWM) test
The learning and memory function of rats were assessed
by MWM test (Morris, 1994). A circular water tank (170 cm in
diameter and 60 cm in height) was filled with powder water at a
temperature of 22°C ± 2°C (depth 40 cm). The pool was divided
into four quadrants. A platform (10 cm in diameter) was hidden for 2
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cm under the surface of the powder water on a fixed location in one
of the four quadrants. The platform remained in the same location
throughout the study. All rats were given four trials per day, each
trial having a time of 60 seconds and a trial interval of 30 seconds.
The escape latency represented the time until the rat reached the
underwater target platform. To determine the retention memory, it
was investigated on the next day. The platform moved out of the
pool, and the rat allowed to swim to find the hidden platform for 60
seconds. The time spent to find the platform in the target quadrant
called the retention time, which indicated that the degree of memory
consolidation taken place after learning. Cognitive abilities would
be reflected by a shorter escape latency and a longer retention time.
AChE activity determination
Rat’s brain AChE inhibition activity was measured by
Ellman's colorimetric procedure (Ellman et al., 1961). Briefly,
in the 96-well plates, 25 μl of 15 mM ATCI, 75 μl of 3 mM
DTNB, and 75 μl of 50 mM Tris–HCl at pH 8.0 were added to
the supernatant obtained from 20% w/v brain homogenate (10 µl).
The blank solution was prepared similarly for all the test samples
but used the phosphate buffer instead of ATCI, and the absorbance
was monitored spectrophotometrically by a microplate reader at
412 nm for 3 minutes at regular intervals of 30 seconds.
Lipid peroxidation determination
MDA is an index of lipid peroxidation, which was
estimated by the Okhawa et al. (1979) method. Briefly, the
reagents of 1.5 ml 20% of acetic acid, 0.2 ml 8.1% of sodium
dodecyl sulfate, and 1.5 ml 0.8% of TBA was added to 0.1 ml
brain tissue sample. The mixture was heated at 100°C for 60
minutes and then cooled with tap water; 1.0 ml of distilled water, 5
ml of n-butanol, and pyridine were added and centrifuged at 4,000
rpm for 10 minutes. Supernatants were carefully aspirated, and the
pink chromogen was measured at 532 nm by a spectrophotometer
(Shimadzu Corporation, Kyoto, Japan).
SOD activity determination
SOD activity was accessed by the method of Kakkar
et al. (1984). The reaction mixture of SOD activity contained
1.2 ml of sodium pyrophosphate buffer (0.052 mM, pH 8.0), 0.1
ml of phenazine methosulphate (186 μM), nitroblue tetrazolium
(300 µM), and 0.3 ml of brain supernatant and incubated at 37°C
for 5 minutes before adding 0.2 ml of NADH (780 μM). The
mixture solution was incubated for 2 minutes at 37°C, and 1.0
ml of glacial acetic acid (17.4 M) was added to stop the reaction.
The absorbance of the colored product was measured at 560 nm
against reagent blank and was expressed as units/mg protein.
Catalase activity determination
The activity of CAT enzyme was determined by the
method of Aebi (1984) with minor modifications. Briefly, the
reaction mixture solution contained 2.5 ml of 50 mM phosphate
buffer (pH 7.0), 0.4 ml of 5.9 mM H2O2, and 0.1 ml of enzyme
extract. CAT activity was recorded a decrease in absorbance at 240
nm of a reaction mixture and was expressed as units/mg protein.
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Glutathione peroxidase (GSH-Px) activity determination
GSH-Px was carried out by the method of Paglia and
Valentine (1967). Briefly, the reaction mixture of GSH-Px
containing 0.1 ml of GSH (0.15 M), 0.3 ml of sodium phosphate
buffer (0.1 M, pH 7.4), 0.05 ml of sodium azide (2.25 M), 0.2 ml
of NADPH (0.85 mM), 0.05 ml of brain homogenate, and 0.05 ml
of glutathione reductase (2 U/ml) was vortexed and incubated for
10 minutes at room temperature. The reaction of GSH-Px activity
was started by the addition of 0.05 ml of H2O2 (0.0011 M). The
absorbance was verified at 340 nm for 3 minutes. Results were
reported as units/mg protein.
Statistical analysis
The statistical evaluation was accomplished with
Statistical Package for the Social Sciences version 11 software.
All results were analyzed using one-way analysis of variance
followed by post hoc Tukey’s test and expressed as mean ± SEM.
A level of p < 0.05 was considered to be statistically significant.
RESULTS
Cognitive booster effects of WP peel extract on spatial and
nonspatial memory
No toxic effects or unexpected mortality were observed
in all rats treated with WP extract at various doses ranging from
200, 400, and 600 mg/kg, which indicate that the crude extract of
WP peel was considered to be safe at the dosing schedule used.
The cognitive booster effect of WP peel extract in the
ORT is shown in Figure 1. The result showed that pretreatment
with three doses of WP peel extract and Vitamin C increased the
DI exploration time as compared to the vehicle plus CRS group
(p < 0.05 all).
In MWM test, escape latencies in all doses of WP peel
extract plus CRS rats were significantly (p < 0.05) lower than in
the vehicle plus CRS group. The escape latency in the Vitamin
C plus CRS group was also significantly (p < 0.05) lower than
those of the vehicle plus CRS group. Moreover, WP peel extract at
various dose levels could also increase in retention time (p < 0.05
all) as compared to vehicle plus CRS group. A similar induction of
the retention time to that found in Vitamin C group (Fig. 2).
Taking these results together suggested that chronic
stress exposure leads to impaired both in spatial and nonspatial
memories. However, the oral administration of WP peel extract
was effective in preventing and enhancing memory under the
conditions of chronic stress exposure.
Effects of WP extract on brain oxidation indices and
antioxidant enzymes
As shown in Figure 3, the significant decrease in
SOD, CAT, and GSH-Px activities was observed in rat brains
of the vehicle plus CRS group. However, all of the antioxidant
enzyme activities as mention earlier were significantly (p < 0.05
all) restored in three different doses of WP peel extract plus
CRS groups compared with that in the vehicle plus CRS group.
Similarly, the SOD, CAT, and GSH-Px activities in rat brains of
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Figure 1. Effects of WP peel extract orally for 28 days on the DI in the ORT in chronic restraint stressed rats. Values represent the mean ± SEM (n
= 8). *p < 0.05 as compared to vehicle plus CRS group.

Figure 2. Effects of WP peel extract orally for 28 days on the escape latency and retention time in the MWM test in chronic restraint stressed rats.
Values represent the mean ± SEM (n = 8). *p < 0.05 as compared to vehicle plus CRS group.
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Figure 3. Effects of WP peel extract orally for 28 days on SOD, CAT, and GSH-Px of the brain in chronic restraint stressed rats.
Values represent the mean ± SEM (n = 8). *p < 0.05 as compared to vehicle plus CRS group.

the Vitamin C plus CRS was significantly (p < 0.05) increased
compared with that in the vehicle plus CRS group.
The depletion of brain scavenging enzymes activity is
linked with the lipid peroxidation level in the brain. The result
showed that the MDA level in the rat brain of the vehicle plus CRS
group was higher than in other groups. Again, the pretreatment
with three different doses of WP peel extract used in this study
reversed the changes of this phenomenon (p < 0.05 all), indicating
the ability of this fruit peel extract to restore the brain antioxidant
enzyme activity and reduce lipid peroxidation caused by chronic
stress exposure (Fig. 4).
Anti-AChE activity of WP peel extract
Abundant evidence indicate that cognitive performance
is related with the cholinergic system including the AChE activity
(Ballinger et al., 2016; Bohnen et al., 2018). The result showed
that all various doses of WP peel extract were able to cause
a significant (p < 0.05) decrease in the AChE activity (Fig. 5).
It should be noted here that the pretreatment with Vitamin C to
restraint stress rats for 28 days had no anti-AChE activity.
DISCUSSION
Based on the recent reports that have been revealed, the
fruits’ peel of some fruits rich in antioxidant potency may prevent
or reduce the severity of many diseases (Al-Sayed and Ahmed,
2013; Larrosa et al., 2002). This study shows that the extract of
WP peel has the potential to be utilized as one of the products to
alleviate memory impairments due to chronic stress exposure in
a rat model.
It has long been accepted that cognitive decline is affected
by exposure to chronic stress (Moench et al., 2019). CRS-induced
memory impairment is an outcome of different mechanisms, such

as activation of the hypothalamic–pituitary–adrenal (HPA) axis
and alteration in the central neurotransmitters contents, increases
the production of ROS, and induces brain oxidative damage (Liu
et al., 1996c; Seckl et al., 1993). According to these results, which
are in agreement with the previous documents, CRS leads to
neurophysiopathological dysfunctions characterized by progressive
memory deficits manifested via cognitive process impairment as
well as changes in several biochemical indices (McEwen, 2004;
Ohl and Fuchs, 1999). The results showed that the exposure to CRS
for 28 days caused a significant increase in brain MDA level and
decrease in the endogenous antioxidant enzymes such as SOD, CAT,
and GPx and led to a significant cognitive deficit which was obvious
through the significantly higher mean escape latency but lower
retention time in MWM test. Besides, CRS exposure decreased
the DI in the ORT which indicated that CRS model approaches
are suitable to determine the cognitive booster effects of WP peel
extract in amnesia management caused by chronic stress exposure.
To identify the cognitive booster effects of WP peel
extract on spatial and nonspatial memories, the MWM and ORT,
respectively, were used. In the ORT, oral administration with all
doses of WP peel extract significantly increased the DI scores to
a novel objects. Besides, three doses of this extract produced a
significant decrease in escape latency and an increase in retention
time in the MWM test. These results indicate that WP peel extract
enhanced memory performances and ameliorated the cognitive
decline involved with chronic stress exposure. The previous
study suggested that the retention time score of the MWM test
is considered to reflect retrieval memory ability (Vorhees and
Williams, 2014), which indicates that WP peel extract consumption
ameliorated long-term memory impairment significantly in rats
following exposure to chronic stress.
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Figure 4. Effects of WP peel extract orally for 28 days on MDA of the brain in chronic restraint stressed rats. Values
represent the mean ± SEM (n = 8). *p < 0.05 as compared to vehicle plus CRS group.

Figure 5. Effects of WP peel extract orally for 28 days on brain AChE activity in chronic restraint stressed rats. Values
represent the mean ± SEM (n = 8). *p < 0.05 as compared to vehicle plus CRS group.
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Concerning the accumulation of data on the vital role
of oxidative stress in the development of cognitive disorders, it
is suggested to use antioxidant compounds as a novel strategy to
protect against cognitive disorders (Bhattacharya et al., 2001).
Besides, many researchers initially focused on developing the
health-promoting products from the waste of fruits, which exerts
antioxidant effects (Cheok et al., 2018).
Multiple lines of evidence report the role of acetylcholine
(ACh), which was a neurotransmitter responsible for the memory
and cognition (Hampel et al., 2018; Schliebs and Arendt, 2011).
According to the “cholinergic hypothesis,” AChE is a key enzyme
responsible for the degradation of ACh. Therefore, the strategy to
block the AChE activity for maintaining ACh level is necessary
for treating amnesia.
To identify the possible mechanisms of WP peel extract
on cognitive improvement, the current results reveal that WP peel
extract consumption significantly restored the reduced activities
of brain scavenging enzymes, SOD, CAT, GPx, and decreased
MDA level, induced by CRS that led to cognitive impairment.
These findings are in accordance with the previous studies that
reported that WP peel extract possessed high phenolic contents
and presented a strong antioxidant activity in vitro (Prasad et
al., 2009b). Besides, WP peel extract administration reversed the
increase of AChE activity in the rat brain, which indicates that WP
peel extract acts as AChEIs. Thus, the cognitive booster effects of
WP peel extract on memory deficit of CRS rats may be related to
its antioxidant and AChE inhibitory activities. However, the role
of WP peel extract in CRS-induced memory deficit on HPA axis
activity still remains to be clarified.
WP peel extract at a dose of 600 mg/kg revealed
a better efficacy than other doses. However, its effect is not
in a dose-dependent manner, suggesting that the WP peel
extract used in this study was the crude extract and contained
multiple bioactive compounds. Therefore, the antioxidant and
the cognitive booster effects of WP peel extract may occur via
the synergistic effects of several bioactive compounds in these
crude extracts. The identification of active compounds from WP
peel extract responsible for a given cognitive enhancing effect
is necessary.
CONCLUSION
The nutshell of our study can be concluded that WP peel
extract attenuates memory distortion and oxidative stress and acts
as AChI in rats exposed to CRS. The results of this study indicate
that WP peel extract consumption was safe, and its therapeutic
potential is used to develop the product for brain-boosting foods.
Nevertheless, further studies are necessary to identify the major
bioactive compounds and the exact mechanisms of cognitive
enhancing effect of WP peel extract.
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