Journal of Applied Pharmaceutical Science Vol. XX(X), pp 001-009, xxx, 2025

Available online at http://www.japsonline.com
DOI: 10.7324/JAPS.2025.219863

CrossMark

<« clickfor updates

ISSN 2231-3354

Role of lychee seed extract in alleviation of ethanol-induced
oxidative brain damage and memory deficit via its antioxidant and
acetylcholinesterase inhibitory activities in rats

Wathita Phachonpai'®, Chatawal Tongun?, Prathakphong Riyamongkol®, Dej Mann®, Teera Chanmanee?,
Watcharaporn Predapirom Jeefoo'

'Division of Physiology, School of Medical Sciences, University of Phayao, Phayao, Thailand.

*Triam Udom Suksa School, Bangkok, Thailand.

3Laboratory Animal Research Center, University of Phayao, Phayao, Thailand.
“Division of Anatomy, School of Medical Sciences, University of Phayao, Phayao, Thailand.

ARTICLE HISTORY ABSTRACT

Received on: 11/09/2024
Accepted on:11/11/2024
Available Online: XX

Chronic alcohol consumptron

decline. Brain-boos
as cholinergic and o ak
al:

deficit in a rat

s problem that can destroy brain structure and function and lead to cognitive
ave gained popularity as a strategy to improve memory impairment, as well
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The contrnuous drinking of alcohol led to an induction in oxidative stress, and lipid peroxidation, and increased

acetylcholinesterase. ACHhE activity resulted in a greater cognitive impairment. However, both doses of lychee seed extract were able to
reduce AChE activity and increase brain antioxidant status, along with decreasing lipid peroxidation in both areas
of the rat brain. Overall, lychee seed extract supplementation, a waste product from the direct consumption and fruit
processing industry, reverses alcohol-induced memory decline via its antioxidative neuroprotection and inhibition
of AChE activity.
INTRODUCTION Acetylcholine (ACh) is a main neurotransmitter

Long-term alcohol drinking is now accepted as a serious
worldwide medical, economic, and social problem [1]. Excessive
alcohol exposure can alter persistence in brain structure and
functionality which results in memory decline [2]. Scientific
evidence reports that the neurotoxicity of chronic alcohol
consumption affects on the cholinergic neuron’s degeneration in
the hippocampus, basal forebrain, and cortex [3.4].
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secreted by cholinergic neurons and it plays a crucial
role in cognitive performance. Increasing the levels of
acetylcholinesterase (AChE) enzyme activity led to learning
and memory impairment [5]. Chronic ethanol intake results in
an increase in AChE activity and reduces ACh release in the
hippocampus [6]. Therefore, acetylcholinesterase inhibitors can
slow the progression of memory decline in cognitive disorders
via the enhancement of cholinergic synapses which improve
cognition processes [7].

From the available scientific studies, it is evident
that chronic alcohol consumption leads to the enhancement
of oxidative stress results in neuronal damage [8,9]. Ethanol
metabolism induces oxidative stress by increasing free radical
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formation while decreasing the level of antioxidant enzyme
activities in the brain [10].

Currently, medicines to treat memory deficit and
protect brain oxidative damage in alcoholism are less available.
Thus, natural antioxidant therapeutic agents have gained
increasing attention worldwide [11].

The seed of fruit is the waste product from the
household kitchen and fruit industrial processing is an important
contributor to generating millions of tons of waste every day
[12]. However, several published studies have demonstrated
that fruit seed waste is rich in phytoactive substances with
functional ingredients, particularly phenolic compounds, with
potent antioxidant properties [13,14]. Furthermore, additional
supports are found in a recent study that reported many fruit
seeds such as Washingtonia filifera palm fruit, chia, and grape
exhibit AChE activity [15-17]. Therefore, fruit seeds with
antioxidant and AChE inhibitory activities may be in treating,
protecting, or recovering cognitive deficits and memory decline
in alcoholism.

Lychee (Litchi chinensis Sonn.) is a subtropical fruit
tree member of the Sapindaceae family, which originated
in China; it is widely located in tropical zones including the
northern part of Thailand such as Chiang Mai, Chiang Rai, and
Phayao [18]. Research findings reveal that L. chinensis seed
contains various phytochemical constituents such as catechin,
procyanidin A1, procyanidin A2, saponin, quercetin, fatty acid,
organic acids, amino acids, volatile oils, and flavonoids [19,20].
In traditional Chinese medicine practices, L. chinensis seed
always used for relieving neuralgic pain, polydipsia,
orchitis, ulcers, fever, and cough [21]. In additiofi i inked
to have multiple pharmacological properticses ‘\s anti-
hyperglycemia, anti-hyperlipidemia, 3 aptitumor, and
antioxidation effects [22-27]. Moreoge

a5 been reported
dnd memory deficits
in mice [28].

Based on the antioxidant, neuroprotection activities
and the various health promotion benefits of L. chinensis seed
mentioned earlier; the present study set out to examine the
effect of L. chinensis seed extract in the alleviation of ethanol-
induced oxidative brain damage and memory impairment via its
antioxidant and AChE inhibitory activities in rats.

MATERIALS AND METHODS

The LC seed extract preparation

The crude L. chinensis seed extract was prepared
from the fresh ripe of L. chinensis fruits collected from
Mae Jai District of Phayao province, Thailand, at the end of
February 2024. The seeds of L. chinensis fruits were removed
and washed completely in running tap water. Let L. chinensis
seeds dry in a laboratory hot air oven at 60°C for 72 hours.
The seeds dried samples were crushed with a grinder. Dried
LC seeds powder with distilled water (1:5) was refluxed for
3 hours at 80°C-100°C, residues and distilled water (1:5)
at 80°C—100°C for 2 hours to achieve an initial extract. The
extracting solvent was filtered using filter paper after cooling
to room temperature and concentrated with a vacuum rotary
evaporator at a temperature of 40°C and freeze-dried using a

lyophilizer (Labconco, MO, USA). The yield of seed extraction
was determined as in the following formula: (weight of dried
LC seed extract obtained / initial weight of dried LC seed
sample) x 100%. Finally, a total of the extract was preserved at
—20°C for further study in the experimental animals.

Measurement of total phenolic contents (TPCs) of L. chinensis
seed extract

The TPC of the LC seed extract sample was measured
according to the Folin-Ciocalteu method [29] with minor
adaptations. In this case, gallic acid served as the standard, and
the calibration curve was prepared at different concentrations
(0.02-0.1 mg/ml). A 0.1 ml diluted seed extract solution was
mixed with 2.5ml 10% fresh Folin—Ciocalteu’s solution and
incubated for 5 minutes at normal temperature. Add 0.75 ml
6% sodium carbonate, then incubate and let it rest in the dark
room for 30 minutes. Detect the absorbance of the standard and
seed extract sample at a wavelength of 765 nm and present as
milligrams of gallic acids equivalents per gram based on dry
weight (mg GAE/g DW).

Determination of the antioxidant activity of L. chinensis seed

extract in vijro assays

DPP. ipenyl-2-picrylhydrazyl) assay
Sﬂ 1s method aims to determine the capability of
he exXtract to scavenge or reduce DPPH radicals using a
ectrophotometer. The DPPH assay was measured according
to Akowuah et al [30] with some minor adjustments. An aliquot
of 0.1 ml of each seed extract solution was added and mixed in
0.9 ml of DPPH solution in methanol (0.1 mM) and incubated
for 15 minutes in the dark room. Then, the absorbance was
denoted at 517 nm using a spectrophotometer. In this case,
ascorbic acid served as a standard. The capability of the extract
to neutralize DPPH radicals was reported as IC,; DPPH values.
IC,  indicates the concentration of extract required for inhibition
of 50% of DPPH free radicals. The percentage of seed extract
inhibition (I%) was determined by the formula:
I (%) =100 x (A

Control ASampls so]ution)/ AControI

where 1% = Percentage of inhibition.
A .., = Absorbance of the control (methanol +
DPPH solution)
A = Absorbance of the test sample solution.

Sample solution

FRAP (Ferric reducing antioxidant power) assay

The measurement of FRAP ability of the L. chinensis
seed extract was performed using the previous method [31].
Freshly working FRAP solution was prepared, consisting of
acetate buffer (300 mM, pH 5.6), 2,4, 6-Tripyridyl-s-triazine
(TPTZ; 10 mM) in HCI (40 mM) and FeCl3 (20 mM). Mix 0.3
ml L. chinensis seed extract with 0.3 ml distilled water and 3 ml
of the working FRAP solution by a vortex. The contents were
incubated for 30 minutes before determining the absorbance at
a wavelength of 595 nm. Trolox served as a standard solution
to determine the antioxidant capability. The capability of the
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seed extract to scavenge free radicals was shown as mM Trolox
equivalents per gram based on dry weight (TE/g DW).

Experimental animal studies

Forty male Wistar rats (8 weeks, weighing 220-250 g)
were procured from Nomura Siam International Co, Ltd., based
in Bangkok, Thailand. They were housed in polypropylene
cages (size 10.5 x19 x 18 inches, 2 rats/cage) at room
temperature (25.0°C + 2°C), relative humidity (55% =+ 5%),
with artificial illumination from 6.00 am to 6.00 pm., and led
free access to a standard pellet diet and RO water ad libitum.
After acclimatizing for 1 week, all animals were randomly
separated into five groups (n = 8) as follows: Control group
(alcohol-free group), ethanol (EtOH) group, Don + EtOH
(donepezil; positive control group), L. chinensis seed extract
300 + EtOH, and L. chinensis seed extract 600 + EtOH. All rats
in the control group were gavaged with reverse osmosis water,
and the rats in the positive control or treatment groups were
gavaged with donepezil at doses of 3 mg/kg BW or L. chinensis
seed extract at doses of 300 and 600 mg/kg BW, respectively.
All various substances were given to the experimental rodents
once daily at the same time for 42 days.

An experimental model of alcohol-induced cognitive decline

The rodents of all groups except the control group
received 5 ml of 25% EtOH (9.875 mg/kg BW) divided into two
equal doses per day, 2.5 ml once in the morning and once in the

afternoon [32] via a gastric tube for 42 days. Alcohol dependen%

was assessed the aggressive behaviors through the gbseryagi
and tremor symptom using the stationary dowelAgst

rodent behavioral tests used in this experiment a the
potency of L. chinensis seed extract o Cgiiti ction in
rats exposed to chronic alcohol consuo prised of two
memory procedures performed in the oxing order: object
recognition (ORT) and Morris water maze test (MWM). All

behavioral tests were performed every 14 days of intervention
and recorded by an unbiased observer.

Object recognition test

The ORT is a common behavioral task to assess non-
spatial working memory states in rodents. In this study, the
ORT was performed as described previously [34]. The tool
consisted of a gray plastic box with the following dimensions:
S54cm x90cm x 50cm. This test comprised of 2 sections such
as a training and a testing section. In the training section, two
identical similar objects (object A and object A) were located
equidistant from each other. The rat was placed and led to
explore the objects freely for 5 minutes and then taken back
to its cage. The apparatus was wiped clean with a 90% alcohol
solution between each trial to eliminate odor cues.

Twenty-four hours after the training section, the
testing section was conducted. The rodents were reintroduced
to the same process. However, one object was substituted by a
new object (object A and object B). Each rat was led to survey
the objects freely for 5 minutes. The collective time taken to
survey objects was noted by a stopwatch. Object exploration
was considered when the rat licked, touched the objects with its
paws, or sniffed or its head was oriented towards the object at

a distance <2 cm. The following considerations were noted: the
cumulative time (in seconds) spent exploring the familiar object
(Ta) and the cumulative time (in seconds) spent exploring the
new object (Tb). Finally, the recognition index (RI) of each
rodent was determined with the formula: RI = Tb/(Ta + Tb)
[35].

Morris water maze test

The effect of L. chinensis seed extract on spatial
learning and memory was further determined using the MWM.
This test used was a minor modification of that described in our
previous study [36]. A circular plastic pool (height 45 cm and
diameter 150 cm) was divided into four quadrants located in
a room with environmental cues visible from the inside of the
pool. The pool was filled with cloudy water (powder solution)
at room temperature (25°C). A circular platform (12.5cm
diameter) was placed at the center in one of the four quadrants
and was submerged 2 cm under the opaque water surface. All
animals were continuously trained to escape by swimming to
the hidden platform for three trials per day (90 seconds/trial).
The escape latency or the acquisition time (the time taken to
climb onto the hidden platform) for each rat was noted and the
cut-off acqujgition time is 90seconds. The retrieval memory
was dete &yn the next day, in this case, the platform was
m roni the pool, and each rat was released and led to

S i& d the platform for 90 seconds. The time taken in the
rget”quadrant where the platform was previously stationed
as denoted as retention time.

Terminal procedures for brain biochemical analysis and
oxidative markers

At the end of the experiment, all rodents were deeply
anesthetized with a high dose of thiobutabarbital sodium (100
mg/kg, i.p) and transcranial perfused with cold normal saline.
After perfusion, the whole brain of each rat was quickly
removed and divided into left and right hemispheres. The right
hippocampus and cortex of each rat were separated for AChE
activity determination whereas the left hippocampus and cortex
were used to evaluate the oxidative stress markers including
superoxide dismutase (SOD), reduced glutathione (GSH), and
malondialdehyde (MDA) levels.

Brain tissue homogenization

Each rat brain tissue (cortex and hippocampus) was
weighted and homogenized in 0.1 M of ice-cold phosphate
buffer saline (10% w/v, pH 7.4), and centrifuged for 60 minutes
at 13,000 rpm at 4°C. The supernatant was collected and kept
at —80°C for the determination of the oxidative markers and
ACHhE activity.

Determination of SOD content in rats’ brain

The SOD activities in the cortex and hippocampus
tissue were evaluated using a SOD commercial assay kit
(Code No. 19160, Sigma-Aldrich, Merck KGaA, Darmstadt,
Germany) according to the manufacturer’s instructions. Results
of SOD activity were calculated and expressed in percentage
inhibition of WST-1 formazan formation.
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Estimation of reduced GSH content in rats’ brain

The GSH concentration was evaluated according to the
method previously described by Moron et al. [37] with certain
adaptations. Each hippocampus/cortex homogenate supernatant
was combined and mixed with 0.1 ml of trichloroacetic acid
(TCA, 10%) and centrifuged at 5,000 g for 10 minutes. The
upper layer of the supernatant was kept and added to phosphate
buffer (0.2 M, pH 8) and 5,5-dinitrobis-2-nitrobenzoic acid
(DTNB, 0.04%). GSH content was read at 412 nm and expressed
as umol/g tissue.

Evaluation of MDA content in rats’ brain

MDA, a major marker of lipid peroxidation, was
evaluated as described previously [38] with minor changes.
Mix 0.1 ml samples of hippocampus/cortex homogenate with
the reagent solution consisting of 0.2 ml of 8.1% sodium
dodecyl sulfate, 1.5 ml of 20% acetic acid solution (pH 3.5),
and 1.5 ml of 0.8% thiobarbituric acid. Heat a mixture solution
at 95°C for 60 minutes. After cooling the contents under an ice-
box package, the tubes were centrifuged at about 10,000 rpm
for 5 minutes. The organic layer was aspirated and measured at
540 nm. In this case, 1,1,3,3-Tetramethoxypropane was served
as an external standard. The MDA concentration was assessed
using the standard curve and reported as nmol/mg protein.

Assessment of AChE activity in rats’ brain

The AChE enzyme activity in both cortex
hippocampus tissue was estimated spectrophoto

a
met c%
according to the Ellman assay [39] with sligh mo, @ :
Cortex or hippocampus homogenate (20%), ph%% fer
(0.1 M, pH 7.4), and 5,5’-dithio-bis-nitrekengdi DTNB,
1 mM) were mixed. The absorbance % S
oling

at 405 nm
immediately after adding acetylthio ¢ iodide (ATCI, 1

mM). Read the absorbance changing every 30-second intervals

aceutical Science XX (X); 2025: 001-009

for 3 minutes. The AChE activity was expressed as umol/
minute/g tissue.

Statistical analysis

All results were presented as mean value + standard
error of the mean (SEM). Data analysis for the phytochemical
content and antioxidant capacity data was performed using
GraphPad Prism (version 9.0) and investigated by a paired
t-test. Data analysis for the memory performance and
neurochemical values was assessed through one-way analysis
of variance followed by Dunnett’s test for multiple comparisons
in GraphPad Prism (version 9.0). Statistical significance was
accepted at p-value<0.05.

RESULTS

The percentage yield, TPCs, and antioxidant activity of L.
chinensis seed extract

In the first part of this study, the yield of the aqueous
extract of L. chinensis seed was 28.06%. The TPCs (GAE acid
equivalents, mg/g DW) of the extract was found to be 319.75 +
5.11 whereas the IC,  value of DPPH radical scavenging activity
was 4.03 £ 1.03 mg/ml. In addition, the extract also showed
the FRAP vdlue of 1.93 = 0.05 mM TE/g DW. All results are

pwse{t' le 1.
S LC seed extract on cognitive performance in rat

A
odel of alcoholism

The effect of L. chinensis extract on non-spatial
working memory performance is shown in Table 2. At the
beginning of the study, there were no significant differences in
either the total exploration time or RI value among the groups.
However, compared with the control group, the EtOH group
showed a significant decrease (p < 0.05) in both parameters in
the ORT test after 21 days of treatment. The pattern of cognitive

Table 1. TPCs and antioxidant capacities of the extract of L. chinensis seed.

Sample The percentage yield TPC (mg GAE/g DW) FRAP value (mM TE/g DW) DPPH assay IC,, (mg/ml)
L. chinensis seed extract 28.06 319.75£5.11 1.93 +£0.05 4.03+£1.03
Trolox - - 8.82+£0.06 3.02+0.46

Note: Results are expressed as the average of triplicate samples with a mean + SEM. L. chinensis = Lychee; TPC = Total phenolic content; GAE
= Galic acid; FRAP = The ferric reducing antioxidant power; TE = Trolox; DPPH = 2,2-diphenyl-1-picrylhydrazyl.

Table 2. Effect of L. chinensis seed extract on the non-spatial memory of rats exposed to alcohol.

Total exploration time (second) Recognition index (RI)

Group

Day 0 Day 21 Day 42 Day 0 Day 21 Day 42
Control 22.25+2.07 20.74 + 1.89 18.27 £ 1.77 0.668 £0.038  0.726 £0.015  0.774 £0.043
EtOH 21.10+1.26 10.85+ 1.06" 11.03+1.71"  0.649+0.047  0.539+0.084" 0.532+0.039"
Donepezil 3 mg + EtOH 20.56 = 1.77 17.93 +£2.29* 19.82+1.83%  0.622£0.049  0.771 £0.030*  0.711 + 0.022*
L. chinensis seed 300 mg + EtOH ~ 22.65 + 1.34 16.33 £2.10* 18.18+1.26"  0.649+0.060  0.745+0.027*  0.705 + 0.038"
L. chinensis seed 600 mg + EtOH ~ 21.97 +£2.23 15.87£2.31*% 18.64 + 1.54%  0.666+0.046  0.761 +0.040  0.754 + 0.037#

Note: Results are expressed as the mean + SEM (n = 8/group). RI = Recognition index
EtOH group.

. *p < 0.05 versus the control group; “p < 0.05 versus the
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decline continued throughout the study period. Interestingly,
after 21 days, treatment with L. chinensis seed extract at doses
of 300 and 600 mg significantly increased (p < 0.05) the total
exploration time or RI value compared with the EtOH group;
this difference also continued for the remainder of the study.
There was a similar alteration in both parameters in rats treated
with donepezil (p < 0.05), serving as a positive control.

This study also assessed the effect of L. chinensis
extract on spatial working memory in the MWT. Binge alcohol
exposure significantly increased the escape latency time (p <
0.01) as compared to the control group. However, on day 21st
of the experiment period, treatment with donepezil and seed
extract at 600 mg significantly decreased (p <0.01 and p <0.05,
respectively) the escape latency time when compared to the
EtOH group. In addition, we found that both donepezil and the
high dose of seed extract could significantly reduce (p < 0.001
and p < 0.01, respectively) the escape latency time of rats until
the end of the study. Meanwhile, treatment with seed extract at
300 mg showed a significantly shorter (p < 0.05) escape latency
compared with the EtOH group on day 42nd of the experiment
protocol (Fig. 1A). Considering the retention trial, chronic
alcohol exposure significantly showed a significantly shorter
(»p < 0.001) retention time compared with a control group.
However, compared with the EtOH group, the rats treated with
donepezil and the seed extract at 600 mg exhibited a significant
increase (p < 0.001 all) in the retention time from the day 21st
of the study protocol until the end of the experiment. Again, the
rats treated with seed extract at 300 mg showed a signiﬁcan%
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Figure 1. Effect of L. chinensis seed extract on the spatial memory of rats
exposed to alcohol: (A) Escape latency time and (B) Retention time. Values
represent the mean + SEM (n = 8/group). **p < 0.01, ****p <0.001 versus the
control group; “p < 0.05, #p < 0.01, **p < 0.001 versus the EtOH group.
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longer (p < 0.01) retention time compared with the EtOH group
on day 42nd of the study period (Fig. 1B).

Notably, there were no significant differences seen
in cognitive performance between both doses of the extract of
seed in this experiment.

Effects of L. chinensis seed extract on brain antioxidant enzyme
activities and lipid peroxidation

The efficacy of L. chinensis LC seed extract on the
activities of antioxidant enzyme and lipid peroxidation in both
the hippocampus and the cortex of chronic alcoholic rats were
shown in Figures 2A and B. Chronic alcohol administration
showed a significantly reduce (p < 0.01 all) the enzyme activity
of SOD in both areas of rat’s brain when compared to the control
group. However, oral administration of seed extract at 300
and 600 mg significantly attenuated SOD activity in both the
hippocampus (p < 0.05) and the cortex (p < 0.01) compared to
the EtOH-treated group. There was a similar alteration in SOD
activity in both brain regions of rats treated with donepezil (p <
0.05 and p < 0.01, respectively). In addition, our result showed
that prolonged alcohol exposure led to a significant reduction in
GSH activity in both the hippocampus (p < 0.01) and the cortex
(p <0.001) pared to the control group. However, treatment
with both@bscy of L. chinensis extract significantly restored (p
0 lgl: activity of GSH in both brain regions of rats

c % to the EtOH group. Similarly, the GSH activity was
evated in both the hippocampus and the cortex of rats treated
1th donepezil (p < 0.01 and p < 0.05, respectively).

Furthermore, we found that MDA content in both
the hippocampus and the cortex of rats exposed to alcohol
was significantly higher (p < 0.01 all) than those in the control
group. Again, treatment with donepezil, and seed extract at 300
and 600 mg resulted in a significant reduction (p < 0.01 all) in
MDA content in both regions of the rat brain (Fig. 2C).

Effects of L. chinensis seed extract on brain AChE activity

As depicted in Figure 3, chronic alcohol exposure
allowed a significant increase (p < 0.01 all) AChE activity in
both the hippocampus and the cortex compared with the control
group. Surprisingly, both doses of the L. chinensis seed extract
and donepezil ameliorated this increase compared to the EtOH
group (p <0.01 all).

DISCUSSION

A myriad of research has demonstrated that fruit seed
waste is an abundant source of phytoactive compounds with
strong antioxidant activity that may help in protecting against
several diseases and delay memory decline in neurodegenerative
disorders [40]. Additionally, with the rising public concerns
about fruit waste production. Our study was conducted on
Litchi chinensis Sonn. or L. chinensis seed extract examined its
potential antioxidant and anticholinesterase activities in a rat
model of alcoholism. Several screening methods were used such
as the animal behavior tests together with analyzing the AChE
levels and oxidative stress markers in brain tissue homogenates.
The results of this study confirmed that L. chinensis seed extract
supplementation reverses learning and memory impairment
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following chronic ethanol exposure by restoration of cholinergic
function and mitigation of oxidative stress.

Chronic alcohol drinking can cause damage to virtually
every organ, especially the brain results in cognitive decline [41].
The hippocampus is a critical region for cognitive formation,
particularly for spatial working memory [42]. Meanwhile, the
cortex, particularly the frontal cortex, plays a role in both spatial
and non-spatial working memory [43]. Therefore, both spatial
and non-spatial working memory impairment have been linked
to excessive alcohol drinking [44].

In a recent study, the MWM procedure was performed
to investigate the spatial learning ability and reference memories
that are linked with hippocampal function. Meanwhile, ORT
is a behavioral task to assess non-spatial working memory.
In agreement with previous studies [45], our results showed
that chronic alcohol consumption leads to worse memory
performances in both animal behavior tests, denoted by a
decrease in the retention latency but an increase in the escape

o

latency period in MWT, and a reduction in the RI value in the
ORT.

Several studies have reported that chronic alcohol
administration is associated with the accumulation of ROS
leads to dynamic cellular molecular damage such as lipid
peroxidation, DNA damage, protein denaturation, and eventually
neurodegeneration [11]. Moreover, excessive alcohol drinking
results in the reduction of the endogenous antioxidant capacity
[46]. Similarly to our results, the rats exposed to chronic alcohol
administration showed a gradual loss of memory accompanied
by reduced antioxidant enzyme activities and increased brain
MDA concentrations in the rats’ brains.

Previous research addressed the relationship between
the cholinergic system and the effects of prolonged ethanol
exposure by focusing on AChE activity. These studies revealed
that ethanol consumption led to the AChE activity enhancement
in various regions of the brain [47,48]. Consistent with our
findings in this study, the results showed that chronic alcohol
consumption induced elevation in AChE activity in both the
hippocampus and cortex of rat brain. Moreover, on general
appearances observation, rats exposed to chronic alcohol had
increased sensitivity to environmental stimuli, rest tremors,
startle, increased hair ruffling and puffing, irritability, and
hypervigi &ike that reported in the previous studies [49].
Ther %@ results suggest that the model in this study to
1 eWlcdiiol dependence is suitable for evaluating the effects

L. Whinensis seed extract against memory deficit in alcoholic
s.

Various studies have proved that the mechanism of
action of antioxidant compounds is linked to the modulation
of several cell signaling pathways associated with learning and
memory processes. Polyphenols and flavonoids help recover
cognitive function by improving synaptic plasticity, inducing
expression of genes encoding antioxidant enzymes, and up-
regulation of neurotrophic factors by increasing cerebral blood
circulation [50,51].

Epidemiologicalstudiesreveal thatthe pharmacological
effects and antioxidant ability of a wide variety of fruit seeds
could help protect and treat several diseases including the
complications of chronic alcohol drinking [52,53]. However, up
to date, no scientific reports on the cognitive enhancing effects
of L. chinensis seed extract attenuate alcohol-induced memory
decline in rats. Herein, both doses of seed extract possess
potent antioxidants that help ameliorate the worse memory
performance in animal models of alcoholism. Either low or high
doses of the seed extract exhibited improved cognitive ability
in rats exposed to chronic alcohol consumption, as evidenced
by an increase in the retention latency and a reduction in the
escape latency period in the MWT. In addition, both doses
of the extract showed an increase in the RI value in the ORT.
Results demonstrated that the extract of L. chinensis seed
exerts a cognitive booster effect by restoring the endogenous
antioxidant enzyme activities (SOD and GSH) as well as
reduced brain MDA contents in chronic alcohol-exposed rats.

As is well known, there is a close correlation between
TPC in natural phenolic compounds and antioxidant abilities
[54]. Notably, the antioxidant capacity of L. chinensis seed
extract in this study, together with the high TPC concentrations
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Figure 3. Effect of L. chinensis seed extract on brain AChE activity of rats exposed to alcohol. Values represent the mean = SEM (n = 8/

group). **p < 0.01 versus the control group; *

(Table 1). Our data are also consistent with prior research by
Potisate and Pintha [55] that reveals the TPC of L. chinensis
seed extract was 82.43 + 12.93 mg GAE/g DW and IC, value
of DPPH radical scavenging activity was 1.66 + 5.52 mg/ml
However, the differences between our results and the study as
mentioned earlier, are probably due to variations in the spec
of lychee, climate zone, soil type, especially th
extraction. x

A myriad of reports has reveale high
phenolic content present in some fruit feeds o SO possess
AChE inhibitory activity [56,57]. Our agree with these
previous studies as mentioned, herein, both'doses of L. chinensis
seed extract display significant anticholinesterase activities by
decreasing the enzyme AChE in both cortex and hippocampus
of ethanol-treated rats. As stated, the AChE enzyme is important
in the breakdown of ACh which causes an increase in the ACh
contents that are associated with improved learning and memory
functions. Therefore, the AChE inhibitory activity shown by the
L. chinensis seed extract in this study suggests that the extract is
a potential source of active compounds which in turn stimulate
an increase in the levels of ACh in the brain of ethanol-treated
rats.

Notably, either donepezil or the seed extract could
restore memory deficit induced by chronic ethanol consumption.
Donepezil is a drug that increases the endogenous ACh
concentration by inhibiting the AChE enzyme [58]. However,
the L. chinensis seed sample that we used in this experiment
is a crude extract containing various phytobiological active
compounds with a wide spectrum of pharmacological activities.
Therefore, the cognitive enhancing effect of the extract may
occur via the additive and/or the synergistic interactions among
different biologically active compounds.

Taken together, by a combination of animal behavioral
tests and neurobiochemical analysis, this study demonstrates
that oral supplementation with the extract of L. chinensis seed
ameliorates cognitive impairment following long-term alcohol

'» <0.01 versus the EtOH group.

n rats by modulating the AChE activity and

1n antioxidant status, along with reducing the
t10n in both hippocampus and cortex of ethanol-
s. However, the current study has potential limitations

consumptlo
ingreasi

% should be acknowledged. First, there are no previous studies

and existing literature in research reports on the cognitive
enhancing effects of L. chinensis seed extract in a rat model
of alcoholism. Second, this article lacks clarity in presenting
quantitative analysis. Third, histopathological evaluation to
confirm the cognitive enhancing effect of the seed extract in this
experiment has not been conducted. Finally, the correlations
with the AChE inhibitory effect and their phenolic constituents
of the seed extract have not been elucidated. However, to the
best of our knowledge, the deterioration of memory functions
is a very complex gradual process and comprehends a wide
variety of molecular alterations, but oxidative stress damage
and cholinergic dysfunction at least in part participate in this
process. Therefore, the current study provides a preliminary
step in validating the potency of lychee seed waste utilization
by transforming them into value-added products, as a brain
booster agent for alcohol-related memory impairment. Further
scientific validation to identify the precise mechanisms and the
active compounds of the extract is still required prior to moving
to clinical trials.

CONCLUSION

This study illustrates a valuable scientific basis for the
efficacy of lychee seed extract to combat learning and memory
deficits in a rat model of alcoholism. The possible mechanisms
by which the extract restores cognitive function may occur via
its impact on cholinergic function and the antioxidant system.
Thus, the extract of lychee seed, a fruit waste product, had high
potential to be developed as novel nutraceutical products and
inexpensive adjuvant treatment to boost memory and cognitive
abilities in alcoholism.
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