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ABSTRACT 
Oxidative stress is a pivotal factor in the pathogenesis of many neurological disorders including ischemic stroke. Several 
scientific studies reveal that the peel fractions of some fruits are a source of bioactive compounds and exhibit stronger 
antioxidant activities. Here, we have elucidated the neuroprotective and cognitive enhancing effects of Clausena lansium 
(Lour.) Skeels or wampee (WP) peel crude extract administration on neuronal damage and memory deficit in rats 
exposed to focal cerebral ischemia. The antioxidant potential of WP peel extract was investigated in vitro. Furthermore, 
male Wistar rats received orally WP peel extract (200, 400, and 600 mg/kg) for a period of 7 days before and 21 days 
following permanent right middle cerebral artery occlusion (Rt. MCAO). WP peel extract possessed strong antioxidant 
activities in scavenging free radicals. However, in in vivo analysis, only the dose of 400 mg/kg showed significantly 
attenuated brain infarction and oxidation indices, restored memory and antioxidant enzyme activity, and improved the 
densities of survival neurons and cholinergic neurons in the hippocampal region compared to the MCAO-treated rats 
(all p < 0.05). Our results provide new information about the cognitive enhancement and neuroprotective effects of 
WP peel extract. This suggests that WP peel extract may prove to be useful as an adjunct to ischemic stroke treatment. 

INTRODUCTION 

Ischemic stroke is one of the major causes of death 
and disability (Benjamin et  al., 2017) and results from the 
occlusion of blood flow in a major brain artery, which initiates 
brain infarction and subsequent damage to neuronal cells that 
result in memory distortion (Román, 2013). Oxidative stress 
is considered to play a key mediator of  ischemic brain injury 
(Kishimoto et al., 2019). It has been reported that free radicals are 
generated in  the brain during ischemia, execute structural and 
functional alterations in the neurons, and may contribute to 
neuronal necrosis, which can further lead to cognitive function 
deficit (Rostamian et al., 2014). Up to now, there is no treatment 
available to  cure poststroke dementia. The gold standard 
treatment for ischemic stroke focuses on preventing further 

neuronal damage by maintaining constant cerebral blood flow 
and inhibiting the reactive oxygen species (ROS) generation with 
antioxidant agents (Kunz and Iadecola, 2009). Several  studies 
have shown that most of the plants, including fruits, vegetables, 
and herbs, contain high levels  of  antioxidant  compounds,  and 
they could act as neuroprotective agents for cerebral ischemia 
(Chun et al., 2008).

Wampee (WP) or Clausena lansium (Lour.) Skeels is 
the scientific name and belongs to the family Rutaceae that is 
a native plant commonly found in  Southern China. Every parts 
of WP, such as its leaves, peels, fruits, and seeds, is reported to 
have a high potential of several biological activities; for example, 
antimicrobial, anti-inflammatory, antitumor, hepatoprotective, 
antifungal, antiobesity, neuroprotective, and antioxidant effects. 
(Liu et  al., 1996, 2019; Shen et  al., 1989). In China and Thai 
traditional medicine, the fruit of WP is considered to be a cool fruit 
which has the effects to treat and prevent common cold, cough, 
dermatological problems, and malaria (Adebajo et al., 2009). In 
addition, this fruit shows an antispasmodic effect that relaxes the 
smooth muscles in the digestive system and relieves abdominal 
pain (Mahattanatawee et al., 2006).
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Up to date, with current research findings, the peel 
portions of some fruits have exhibited stronger antioxidant activity 
than the pulp portions (Elfalleh et al., 2012; Li et al., 2006). The 
previous study has shown that the WP peel exerts the antioxidant 
and anticancer activities in in vitro models: SGC-7901 human 
gastric carcinoma, HepG-2 human liver cancer cells, and A-549 
human lung adenocarcinoma (Prasad et  al., 2009a). Therefore, 
WP peel has the potential to be developed as a natural antioxidant 
supplementation. However, there is insufficient scientific evidence 
to substantiate that WP peel indeed has a neuroprotective effect 
even though it exhibits antioxidant and anticancer properties. 
Thus, this study presented herein investigates for the first time the 
usefulness of WP peel extract supplementation against memory 
impairment, brain infarct volume, densities of cholinergic and 
survival neurons, and oxidative stress indices after occlusion of 
the right middle cerebral artery occlusion (Rt. MCAO) in the rat 
model mimics the human ischemic stroke (Carmichael, 2005). 

MATERIALS AND METHODS

Preparation of the WP peel extract
The ripe fresh fruits of WP were collected from Nan 

Province, Thailand, and immediately cleaned with tap water twice. 
WP peel can be left on the fruit, shed dried in the hot air oven at 
40°C, and triturated in order to create a fine powder. The ethanol 
maceration method was mixed with distilled water (200 ml) and 
ethanol (200 ml) for 24 hours and then filtered and evaporated by 
a rotary evaporator to yield a crude extract. The final yield of the 
aqueous extract used for this study was 10.93% and kept at 4°C 
until further analysis and study in the animals. 

Antioxidant activity of WP peel extract determination
The antioxidant activity of the WP peel extract was 

determined by the DPPH method of Kordali et al. (2005). Sample 
stock solutions of the extract were diluted at various concentrations 
of 20, 40, 60, 80, and 100 µg/ml in methanol. 2 ml of DPPH 
methanol solution was added to sample solutions. The reaction 
mixture was shaken immediately in the dark for 20 minutes until 
the reaction plateau was reached in the systems. Absorbance was 
read at 517 nm and calculated as follows:

DPPH scavenging  
(%) or Percent inhibition = Acontrol − Asample/Acontrol × 100

where Acontrol and Asample are the absorbances of the control and the 
standard sample of the WP peel extract.

Animals and experimental design
The following studies were permitted by the Animal 

Ethics Committee of the University of Phayao, Thailand (No. 
5801040005). All experimental protocols and surgical techniques 
were carried out according to the Principles of Laboratory Animal 
Care (National Institutes of Health publication, #85–23, revised 
in 1985). Forty-eight adult male Wistar rats (200–250 g) from 
the National Laboratory Animal Center, Salaya, Nakorn Pathom, 
Thailand, were used in this study. All rats were housed at an 
ambient temperature of 22°C ± 2°C with an artificial light–dark 
cycle (12 hours) and allowed free access to a commercial pellet 
diet and water. 

The animals were divided into six groups (n = 8/group): 
sham control-treated group; MCAO control group, all rats in this 
group which received distill water (vehicle 1 cc); donepezil (1 mg/
kg) + MCAO group (positive control); and three treatment groups 
as follows: WP peel extract (200 mg/kg) + MCAO, WP peel 
extract (400 mg/kg) + MCAO, and WP peel extract (600 mg/kg) 
+ MCAO. All doses of this extract were chosen on the basis of a 
pilot study conducted in our laboratory (Tongun and Phachonpai, 
2020).

All rats were administered with the assigned substances 
via the feeding tube once daily continuously for 7 days before and 
21 days after the MCAO surgery. At the end of the experimental 
period, cognitive performances were determined using the Morris 
water maze (for spatial memory) and the passive avoidance test 
(for nonspatial memory). Rats were sacrificed on the 29th day 
to determine the brain infarct volume, densities of survival and 
cholinergic neurons, and oxidative markers such as glutathione 
peroxidase (GPx) activity and lipid peroxidation malondialdehyde 
(MDA) level.

Focal cerebral ischemia induction
Anesthesia was induced in rats with thiopental sodium 

(50 mg/kg) intraperitoneal (i.p.) injection for Rt. MCAO surgery 
as described by Longa et al. (1989). Surgery was conducted with 
an aseptic technique. The internal carotid and the right external 
carotid arteries were exposed through a neck midline incision. A 
4-0 nylon monofilament suture coated with silicone was inserted 
into the common carotid artery and pushed through the internal 
carotid artery (19–21 mm) from the common carotid artery 
bifurcation. Sham-operated animals were subjected to the same 
surgical method, but the filament is not inserted into the middle 
cerebral artery. The wound was closed and applied with 10% 
povidine solution for antiseptic postoperative treatment. 

Morris water maze test
This test was adapted from the method of Morris (1994). 

A circular pool (170 × 60 cm) was filled with water (22°C ± 2°C, 
depth 40 cm) and made opaque with milk powder. The pool was 
separated into four quadrants. An escape platform (10 cm in 
diameter) was hidden below the powder water surface (2 cm) and 
was located in the same location of the pool. The time to  reach 
the platform is called escape latency. In order to determine the 
retention memory, it was measured on the next day. In this case, 
the platform was brought out of the water maze and the rat 
was allowed to swim for 60 seconds. The time spent to search 
the platform in its previous location in the target quadrant was 
reported in terms of the retention time which indicates the level of 
memory consolidation. 

Passive avoidance test
In this case, rats learned to avoid a dangerous environment 

such as a foot shock. The equipment consisted of a two-compartment 
box (50 × 50 × 35 cm) and light and dark compartments, with a 
sliding door between the two. The floor of the dark compartment was 
created out of stainless steel rods through which the foot shock was 
delivered from a constant current Lafayette Master Shocker (Model 
2400SS). The rat was allowed to survey both of the compartments 
for 5 minutes, 3 test trials per day. On the day of the test trial, as 
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soon as the rat had walked into the dark compartment, the sliding 
door between the two compartments was closed and a single foot 
shock was transported through the steel rods’s floor (50 Hz, 1 mA, 
for 1 seconds). The rat was left in the dark compartment for further 
about 20 seconds to permit the animal to form a link between 
the properties of the compartment and the foot shock. In order 
to determine the retention memory, the rat was positioned in the 
bright compartment and time taken to enter the bright compartment 
for the time was recorded using a stopwatch. Normal rats evaded 
entering the compartment where they had previously been exposed 
to the foot shock. Decreased time spent in the bright compartment 
recommended poor memory retention. 

Determination of cerebral infarct volume
The determination of cerebral infarct size was estimated 

by the triphenyl tetrazolium chloride (TTC) staining method. The 
nonischemic area was stained red while the brain infarct area 
was not stained and presented as pale. Stained brain slices were 
digitized and the area of infarct size with a computerized image 
analysis system was analyzed (Optimas 6.1; Media Cybernetics, 
Silver Springs, MD). 

Nissl staining and survival neuron densities counts 
All adjacent serial coronal hippocampal tissues were 

mounted on slides, air-dried for 24 hours, hydrated in distilled 
water, stained with cresyl violet (0.75%), dehydrated in the graded 
alcohols (70%, 95%, 100%), cleared in xylene, cover-slipped, and 
examined under a light microscope model BH-2 (Olympus, 40× 
objective). The viewer was blinded throughout investigation. The 
neuronal survival cells were counted on the basis of a stained cell 
with at least two processes.

Determination of the cholinergic neuron densities
The 30 µm thickness of hippocampal area sections was 

cut by a cryostat and was stained for choline acetyltransferase 
expression with the avidin-biotin-peroxidase method. 0.01 
M phosphate-buffered saline was used to dilute the reagents 
and washing of brain tissue sections in each of the steps. All 
hippocampal tissue sections were stained for 120 minutes 
with biotinylated goat anti-rabbit IgG secondary antibody and 
3,3′-diaminobenzidine (Sigma-Aldrich Chemical Co., St. Louis, 
MO) and 0.01% H2O2. Finally, the brain-stained sections were 
mounted on the slides, washed in water, cleared with xylene, and 
cover-slipped.

Measurement of lipid peroxidation
Brain MDA levels were determined by using the 

thiobarbituric acid method described by Okhawa et  al. (1979). 
Briefly, the cortex tissues were homogenized with 10 times (w/v) 
ice-cold 0.1 sodium phosphate buffer (pH 7.4). The reagents of 
acetic acid (20%, 1.5 ml), sodium dodecyl sulfate (0.2 ml 8.1%), 
and thiobarbituric acid (1.5 ml 0.8%) were added to 0.1 ml brain 
tissue sample. The mixture solution was heated at 100°C for 60 
minutes in a boiling water bath and cooled in tap water bath for 10 
minutes. After cooling, the mixture of distilled water (1.0 ml) and 
n-butanol and pyridine (5 ml) was added and centrifuged (4,000 
rpm) for 10 minutes. The absorbance was detected at 532 nm to 
detect MDA concentrations. 

Determination of GPx activity
GPx activity was measured according to the method 

described by Rotruck et al. (1973). Briefly, the mixture contained 
phosphate buffer (0.1 M, pH 7.4), sodium azide (10 Mm), GSH (4 
mM), H2O2 (2.5 mM), and 0.5 ml of brain supernatant and was 
mixed gently by vortex, then incubated at 37°C for 10 minutes, 
and added to 0.4 ml of 10% TCA, and the whole was centrifuged 
at 3,000 rpm for 5 minutes. Determination of glutathione was 
carried out using enzymatic cycling and Ellman’s reagent 
(5,5′-dithiobis-2-nitrobenzoic acid) in 0.1% sodium nitrate, and 
the absorbance was detected at 412 nm against a blank.

Statistical analysis
Data were expressed as mean ± SEM. Statistical 

differences among the experimental groups were scrutinized using 
one-way analysis of variance and succeeded by post hoc Tukey’s 
test; p < 0.05 was considered to be statistically significant.

RESULTS

Effect of WP peel extract on scavenging ability
WP peel extract exhibited high free radical scavenging 

activity against DPPH-free radical, with IC50 value of 60 µg/ml, 
comparable to that of ascorbic acid, a standard agent (Table 1).

Effect of WP peel extract on memory impairment
The rats in the MCAO group exhibited memory deficit 

in both escape latency and retention time as compared to sham-
operated control (p < 0.05) (Fig. 1). In addition, in passive 
avoidance testing (Fig. 2), the latency time to enter the bright 
compartment was significantly shorter in the rats with permanent 
MCAO, as compared to the sham-operated control (p < 0.05). 
Based on these results, it is clear that the cognitive impairment 
was significantly established in the MCAO-treated group. On the 
contrary, only the WP peel extract (400 mg/kg) and donepezil-
treated groups significantly decrease in the time of escape latency 
but increase the retention time as compared to the MCAO-treated 
group (p < 0.05). Moreover, rats exposed to this extract at a dose 
of 400 mg/kg demonstrated inducing the time spent in the bright 
compartment as compared to the MCAO-treated group (p < 
0.05), which suggested that the medium dose of WP peel extract 
treatment restored the learning and memory impairment induced 
by the MCAO method. 

Unfortunately, no significant alteration in these 
parameters was observed in low dose and high dose of WP peel 
extract.

Table 1. IC50 values (µg/ml) of WP peel extract at different concentrations on 
the DPPH scavenging ability.

Concentrations (µg/ml) IC 50 value (%)

20 25.60

40 40.34

60 59.75*

80 65.80

100 80.24

Values reported are as means ± SD. * significant at p<0.05.
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Effect of WP extract on the volume of brain infarction
TTC straining of rat brain sections in the MCAO group 

showed that the infarct area was significantly greater than that in 
the sham group (p < 0.05). However, WP peel extract (400 mg/kg) 
and donepezil reduced the brain infarct volume significantly (p < 
0.05) (Fig. 3).

Effect of WP peel extract on the densities of survival neuron 
in hippocampus

Nissl’s staining of the various brain areas of the sectioned 
hippocampus obtained from MCAO-treated rats exhibited marked 
reductions of survival neuron densities compared to the sham-
treated group (p < 0.05). Interestingly, a medium dose of this 
crude extract treatment was able to cause significant (p < 0.05) 

enhancement in the neuronal survival cells in the hippocampal 
region except in CA2 as compared to the MCAO-treated group 
(Fig. 4).

Effect of WP peel extract on the densities of cholinergic neuron 
in hippocampus

There was a decrease in the cholinergic neuron densities 
(p < 0.05) in all areas of hippocampus of MCAO-treated rats. 
Treatment with donepezil significantly elevated cholinergic cell 
densities in all regions of the hippocampus as compared to the 
MCAO-treated group (p < 0.05). Again, rats subjected to WP 
peel extract treatment at a medium dose significantly enhanced 
cholinergic neurons in all hippocampal regions, except CA2 fields 
(p < 0.05) when compared to the MCAO group (Fig. 5). 

Figure 1. Effect of WP peel extract on the escape latency and retention time in the Morris water maze test. #p < 0.05 versus 
sham control; *p < 0.05 versus MCAO control.

Figure 2. Effect of WP peel extract on the time spent in the bright compartment in the passive avoidance test. #p < 0.05 versus 
sham control; *p < 0.05 versus MCAO control.
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Figure 3. Effect of WP peel extract on the brain infarct size. #p < 0.05 versus sham control; *p < 0.05 
versus MCAO control.

Figure 4. Effect of WP peel extract on the densities of survival neurons in hippocampal regions. #p < 
0.05 versus sham control; *p < 0.05 versus MCAO control.

Figure 5. Effect of WP peel extract on the densities of cholinergic neurons in hippocampal regions. #p < 
0.05 versus sham control; *p < 0.05 versus MCAO control.
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Effect of WP peel extract on MDA level and GPx activity
A significant increase (p < 0.05) in MDA level was 

detected in the MCAO group as compared to sham animals. Rats of 
the WP peel extract (400 mg/kg) and donepezil-pretreated MCAO 
group exhibited significant attenuation (p < 0.05) in brain MDA 
level in comparison to MCAO group rats. Excess of free radicals 
is associated with ischemia in MCAO procedure-induced change 
in brain antioxidant enzyme. GPx activity significantly (p < 
0.05) decreased in the MCAO group when compared to the 
sham group (p < 0.05). However, WP peel extract (400 mg/kg) 
treatment reversed the change of this enzyme which indicated 
that the medium dose of WP peel extract demonstrated the ability 
to restore antioxidant activity on ischemic brain damage in the rat 
(Table 2).

DISCUSSION
The present study was undertaken to determine the 

potential effects of WP peel extract against ischemia following 
MCAO-treated rats on the improvement of oxidative stress status 
as well as cognitive behavioral and histopathological alterations.

MCAO is one of the widely used focal stroke models 
in the rodent (Yang et al., 2006). The advantages of the MCAO 
model are its good reproducibility of brain infarct size and 
neurological problems, which are similar in human stroke 
(Kaiser and West, 2020). A previous study has also reported that 
the MCAO procedure induces excessive free radicals leading 
to neuronal death, resulting in memory impairment in rats (Gao 
et  al., 2017). Similarly, the present study demonstrated MCAO 
results in cortical infarction as well as damage to the hippocampal 
cholinergic neuronal damage. In addition, our results showed that 
oxidative stress is strongly associated with MCAO and we suggest 
that it may be a crucial role in the pathogenesis of the cerebral 
ischemic stroke. Depletion of GPx and antioxidant enzyme, and 
elevation of MDA in the brain were obvious in the MCAO-treated 
rats. Furthermore, our study revealed that memory impairment 
in the MCAO-exposed group in the Morris water maze test and 
the passive avoidance task were significantly correlated with an 
increase in oxidative stress, which induces  neuronal  cell  death. 
These findings support the hypothesis that MCAO contributes to 
the interruption of blood flow and promotes ROS generation in 
the brain and leads to cerebral infarction, subsequently promoting 
the hippocampal neuronal cell and cholinergic neurons damage, 
and finally results in memory distortion.

WP fruits contain various bioactive compounds as 
therapeutic alternatives (Prasad et  al., 2009b). However,  up to 

date, no reports on the neuroprotective and cognitive enhancing 
effects of WP peel extract against  ischemia-induced neuronal 
damage and cognitive decline. Herein, WP peel extract at a dosage 
of 400 mg/kg had a therapeutic cognitive improving effect in both 
passive avoidance and Morris water maze tests. All these effects of 
this extract were similar to that of the standard antidementia drug, 
donepezil. Additionally, we investigated the possible mechanisms 
of WP peel extract to improve cognitive functions in rat model of 
ischemic stroke. The results showed that a medium dose of WP 
peel extract significantly elevated GPx activity, decreased MDA 
level, reduced  cerebral infarct volume,  and protected  against 
ischemic  cholinergic and neuronal cell death in hippocampus. 
In addition, our data also showed that all fractions of this crude 
extract act as radical scavengers and are able to react with the 
DPPH-free radical. Therefore, the cognitive improvement induced 
by WP peel extract may occur partly via the antioxidant properties 
and the promoting cholinergic function. Our result is in conformity 
with another study which reported that the bioactivities of WP peel 
extract exhibited strong antioxidant activity (Deng et al., 2012). 
However, this is the first report that describes the neuroprotective 
and cognitive enhancing effects of WP peel extract supplementation 
in ischemic stroke. 

Cumulative evidence reports that ischemia induced 
neurogenesis in areas of the adult brain such as striatum and 
subgranular zone (SGZ) (Arvidsson et  al., 2002; Parent et  al., 
2002). Herein, our results found that there were higher survival 
neurons and cholinergic neuron densities in CA1, CA3, and 
dentate gyrus (DG) of rats group treated with WP peel extract 
at a dose of 400 mg/kg. It has been reported that CA1 and CA3 
play a critical role in encoding and retrieval memory processes, 
respectively (Jinzhao et  al., 2008). The DG is an important 
plastic region in the mammalian brain; novel neuronal cells are 
generated  and functionally integrated into mature circuits in 
hippocampus and contribute to learning and memory functions 
in particular. The present results were consistent with previous 
studies which identified the potential of  plants and their active 
compounds promoting neurogenesis after stroke condition (Zhang 
et  al., 2014). Thus, it is possible to infer that the medium dose 
of this crude extract favored the neurogenesis in SGZ of the DG 
regions. However, BrdU immunohistochemistry for studying the 
neurogenesis is needed to arrive at a final conclusion. Moreover, the 
role of WP peel in neuronal apoptosis still remains to be clarified.

Unfortunately, the low and high doses of WP peel extracts 
did not show any significant alteration in markers of oxidative stress 
and cognitive decline, suggesting that the WP peel extract used in 
this study was not the pure compound. There are various bioactive 
compounds in this extract; some pure compounds are active, but 
some  of them are inactive, depending on compounds and the 
structural relationship between functional groups and the targeting 
site of the compounds react to it. Therefore, the antioxidant and 
the cognitive enhancing effect of WP peel extract may occur via 
the additive/noninteractive, antagonistic, or synergistic effects of 
several bioactive compounds in these crude extracts. 

A limitation of this study is that all active ingredients 
of WP peel extract are not investigated. In addition, direct and 
interaction effects of various ingredients are still possible. 
Therefore, further studies are still required to provide a better 
understanding of the active ingredients of this extract.	

Table 2. Effect of WP peel extract on the oxidative stress biomarkers in rat 
brains.

Treatment MDA level (nmol/ml) GPx activity (mU/mg protein)

Sham control 2.14 ± 0.33 15.16 ± 0.67

MCAO control 5.51 ± 0.28* 12.86 ± 1.71*

MCAO + donepezil 3.13 ± 0.22** 17.33 ± 0.14*,**

MCAO + WP peel 200 5.12 ± 0.54* 14.06 ± 1.97

MCAO + WP peel 400 3.02 ± 0.23** 18.64 ± 1.31*,**

MCAO + WP peel 600 5.07 ± 0.46* 18.17 ± 1.83*

*p < 0.05 versus sham control; *p < 0.05 versus MCAO control.
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Taking all data together, WP peel extract has the ability 
to combat against memory deficit in focal cerebral ischemia by 
neutralizing the free radical, suppressing the accumulation of lipid 
peroxidation products, reducing the brain infarct volume, thus 
maintaining healthy cholinergic neurons and neuronal cells in the 
hippocampus.

CONCLUSION
The major findings of our study have suggested that 

WP peel extract might be a potential neuroprotective agent for 
ischemic stroke because it attenuates MCAO-induced cognitive 
discrepancies, improved cholinergic deficit, and decreased 
neurodegeneration in hippocampus. In addition, the reduced 
oxidative stress,  the restored antioxidant enzyme, and the direct 
ability to scavenge free radical activity of WP peel may also 
contribute to the role. However, future studies should contribute 
to a further understanding of the identification of major bioactive 
ingredients responsible for its neuroprotective and cognitive 
enhancing effects. 
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