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Abstract
Alzheimer’s disease (AD) is a brain disorder and the main reason for dementia. In this regard, there is a need to
understand the alterations that occur during aging to develop treatment strategies to mitigate or prevent neurodegenerative consequences. Onion and garlic root extracts contain natural polyphenols with high antioxidant capacity; therefore, the present study aimed to investigate the protective effect of these extracts free from mycotoxin
contamination on a rat model of AD. Antifungal and antibacterial assays were performed for onion and garlic extracts. Several groups of AD-induced rats were administered 1, 2, and 3 mg/kg onion or garlic extract through
intragastric intubation for 30 days. After treatment, histopathological analysis, expression of apoptosis-related
genes, and analyses of DNA damage and reactive oxygen species (ROS) generation were conducted in the brain
tissues. The results indicate that treatment of AD-induced rats with several doses of onion and garlic root extracts
decreased histopathological lesions, the expression levels of apoptotic genes, and the rate of DNA damage and
inhibited intracellular ROS generation in the brain tissues. The results suggest that the protective role of onion
root extract could be attributed to its content of flavonoids and flavonoid compounds through the improvement
of antioxidant capacity and regulation of gene expression patterns. The higher activity levels of free radical scavenging of azino-bis (3-ethylbenzothiazoline-6-sulphonic acid (ABTS) and antioxidant ferric reducing antioxidant
power (FRAP) levels found in garlic root extract are most probably responsible for its protective effect against
neurodegenerative damage.
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Introduction
The main reason for dementia is Alzheimer’s disease
(AD) that severely affects thinking, memory function,
and behavior (Sim, 2014). Approximately 80% of dementia cases are considered to be attributed to AD (Breitner
et al., 2009). The precise mechanism for AD induction
is not yet well understood yet,; however, the accumulation of amyloid-β peptide in the brain cerebral region is
considered to be the main factor of AD pathogenesis
(Vaillant-Beuchot et al., 2021).
Apoptosis is one of the primary hallmarks associated
with AD incidence. Apoptosis in brain cells such as in
the hippocampus affects memory function (Zhang et al.,

2020). Two pathways of apoptosis normally occur in
mammalian cells under stress, namely intrinsic and extrinsic pathways. One of the enzymes most involved in
apoptosis pathways are cysteine proteases such as caspase-3, caspase-8, and caspase-9 (Jiao et al., 2020). Caspase-3 is the main apoptotic enzyme associated with AD
(Glushakova et al., 2018). Several molecular tools are
used for detecting DNA damage during the apoptosis
process such as apoptotic cell death, including TUNEL
assay, comet assay, and DNA fragmentation test (Majtnerová and Roušar, 2018).
Other proteins also play an important role in the regulation of apoptosis pathway, such as Bcl-2 family pro-
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teins. These proteins are divided into two categories:
proapoptotic proteins (such as Bid and Bax) and antiapoptotic proteins (Bcl-2XL and Bcl-2) (Shen et al.,
2016). In normal cells, there is a balance between antiapoptotic and proapoptotic members of the Bcl-2 family,
which enhances the mitochondrial response to the apoptotic stimuli (Tomita, 2016). Several studies have suggested that the Bax to Bcl-2 ratio is augmented in the
hippocampus of AD-induced rats (Ataie et al., 2012;
Song et al., 2014).
There is an urgent need to understand the alterations
that occur during aging in the brain tissues to develop
treatment strategies to mitigate, delay, or prevent neurodegenerative consequences. Molecular pathways associated with the aging process are not well understood, but
several processes such as oxidative stress (Zhang et al.,
2020) and inflammation (Sochocka et al., 2017) have
been recognized as its major reasons. Natural products
contain many active compounds that could be used for
protection or therapy of several diseases (Saewan and
Jimtaisong, 2015). Therefore, there is an increased interest in using natural products against AD because of
their high antioxidant capacity, low side effects, and
higher safety. Natural polyphenols are expected to be
contributive molecules for preventing brain diseases because of their antioxidant activity (Khurana et al., 2013;
Rehman et al., 2019).
Among the important flavonoids with high antioxidant
activity are quercetin, catechins, kaempferol, and naringenin, which are present in onions, vegetables, and citrus fruits (Manach et al., 2004; Tsao, 2010; Russo et al.,
2012; Goufo and Trindade, 2014). Several studies have
shown that onion flavonoid intake containing quercetin
protects brain tissues against aging through the inhibition of apoptosis that induces brain degeneration (Chae
et al., 2012; Wang et al., 2020; Dorrigiv et al., 2021).
Moreover, active products present in garlic extracts
show protective activity against neurotoxicity (Galal
et al., 2019; Hazzaa et al., 2020; Bigham et al., 2021).
Furthermore, garlic extracts are known to show activity
against aflatoxins (AFs; toxins produced by the fungus
Aspergillus flavus ) that induce chronic neurodegeneration in male rats (Alsayyah et al., 2019). Garlic and
onions are considered as most important plants with
anti-AF and antifungal potential (Abdel-Wahhab and Aly,
2003; Negera and Wash, 2019). Other studies have also
been conducted on AD models by using garlic extract

and its active ingredients such as S-allyl-L-cysteine (SAC)
(Chauhan, 2006; Ray et al. 2011). Garlic extract and its
active ingredient SAC mitigated AD by decreasing the
amyloid-β peptide content and pathological lesions as
well as by increasing the level of antioxidants in the
brain tissues of AD models (Borek, 2001). Therefore,
the current study aimed to investigate the mitigation
effect of onion and garlic root extracts on neurodegenerative diseases in AD models.
Materials and methods
Drugs and chemicals

Aluminum chloride (AlCl3, molecular weight 133.34.)
was purchased from Sigma. Trizol was obtained from
Invitrogen (Carlsbad, CA, USA). The reverse transcription and PCR kits were obtained from Fermentas
(Glen Burnie, MD, USA). SYBR Green Master Mix was
purchased from Stratagene (La Jolla, CA, USA). All other
chemicals and reagents were of analytical grade and
obtained from standard commercial suppliers.
Animals

Ninety male Sprague-Dawley rats aged 15–17 months
and weighing 255–310 g (purchased from the Animal
House Colony, Giza, Egypt) were maintained on a standard laboratory diet (protein, 16.04%; fat, 3.63%; fiber,
4.1%; and metabolic energy, 0.012 MJ) and water ad
libitum at the Animal House Laboratory, National Research Center, Dokki, Giza, Egypt. They were housed in
stainless steel wire meshed cages under environmentally
controlled conditions. The ambient temperature was
25 ± 2EC, and the light/dark cycle was maintained at
12/12 h. All animals received human care in compliance
with guidelines of the Ethical Committee of National
Research Centre, Egypt, which follows the recommendations of the National Institutes of Health Guide for Care
and Use of Laboratory Animals (Publication No. 85–23,
revised 1985). The experiments were approved by the
NRC Local Ethical Review Committee (5-12-2020).
Plant materials

Fresh roots of onion (Allium cepa) and garlic (Allium
sativum ) were collected from farmers in Wady El-Natron
at El-behera governorate, Egypt. The collected roots
were dried immediately under sunlight. The onion and
garlic samples were authenticated by the Department of
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Botany, Agriculture and Biology Research Division, National Research Center, Giza, Egypt.
Preparation of root extracts

Methanolic extracts of the onion and garlic roots
were prepared by grinding the dried roots (500 g) to
a fine powder and mixing with 1000 ml of 80% methanol
in a 2000 ml conical flask overnight. Extracts were prepared according to the method of Lacaille-Dubois (Lacaille-Dubois, 2016).
Mycotoxin determination in the extracts

All samples of the collected onion and garlic roots
were analyzed for the presence/absence of 3 mycotoxins, including ochratoxin A, AFs (B1, B2, G1, and
G2), and zearalenone, by using methods reported previously by Wang et al. (2016) with a minor modification.
Briefly, an aliquot of 5.0 g dried roots was mixed with
5 ml of 50 mM citric acid in a 50 ml polypropylene
centrifuge tube. Next, 20 ml acetonitrile was added, and
the mixture was homogenized with a high-speed blender
(Ultra-Turrax T25, IKA, USA) for 3 min. After the addition of 2 g NaCl, the mixture was shaken vigorously for
1 min and centrifuged at 10 000 rpm for 5 min at 10EC.
The supernatant was then analyzed for the 3 mycotoxins
by UPLC-MS/MS by using the multiple reaction monitoring (MRM) mode. The conditions were set using the
BEH Shield RP18 chromatographic column in which the
column temperature was 40EC and the flow rate was set
at 0.3 ml/min. Mobile phase A was formic acid (0.1%)
and ammonium acetate (0.5 mM) aqueous solution.
Mobile phase B was formic acid (0.1%) in methanol. The
gradient profile was performed with an injection volume
of 2 μl.
Antibacterial bioassay

The antibacterial activity test of the collected root
extracts was performed using the agar disc diffusion
method (Harley and Prescott, 1996). The labeled plates
were seeded with the test bacterial organisms (Bacillus
cereus, Staphylococcus aureus, Staphylococcus sciuri,
Salmonella typhi, Salmonella enterica, Escherichia coli,
and Pseudomonas aeruginosa). Sterile filter paper discs
of 6 mm diameter were impregnated with various concentrations of the extract (100 and 200 mg/ml) and placed on the seeded plates. The plates were incubated at
37EC for 24 h. After 24 h of incubation, each plate was
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examined, and the diameters of zones of inhibition were
measured in millimeters (mm). The Kirby-Bauer method
was used to classify the inhibition zones as follows:
inhibitory zones of # 12 mm were regarded as moderately sensitive/ resistant, while those of $ 15 mm and
above were considered highly sensitive. Plate samples
treated with dimethyl sulfoxide (DMSO, 2%) represented
negative control, and those treated with tetracycline
(500 μg/ml) were used as a positive control.
Antifungal bioautography assay

The antifungal activity of the onion and garlic root
extracts was performed according to the method of
Wedge et al. (2009). The fungal strains (Aspergillus ochraceus, Aspergillus niger, Fusarium proliferatum, and
Penicillium verrucosum ) and root extracts of plants
were applied at the dose of 160 μg/spot into a silica
plate. Technical fungicide grade standards benomyl,
cyprodinil, azoxystrobin, and captan (Chem Service Inc.,
West Chester, PA, USA) were used as positive controls
at 2 mM concentration in 2 μl of 95% ethanol, and sterile
potato dextrose agar (PDA, Sigma-Aldrich, St. Louis, MI)
was used as a negative control.
Determination of total phenolic content (TPC)
in extracts
TPC of the onion and garlic root extracts was assessed
using the Folin-Ciocalteu reagent according to the procedure by Makkar (2003). The absorbance of the phenolic
content in the extracts was measured at 650 nm using
a spectrophotometer (UV mini-1240, UV-vis spectrophotometers, SHIMADZU) against the reagent blank. All measurements were performed in triplicate.
Determination of the total avonoid content (TFC)
in extracts
Flavonoid content in onion and garlic root extracts
was determined according to the aluminum chloride colorimetric method with a slight modi cation (Zhishen
et al., 1999). Briefly, aliquots (4 mg) of onion and garlic
root extracts were dissolved in a suitable amount of
DMSO, and distilled water was then added to reach
a final volume of 2 ml mixture. Approximately 500 μl of
the mixture was taken and added to 500 μl distilled
water. Next, 300 μl of 5% sodium nitrite was added to
the mixture, and the mixture was then allowed to stand
for 5 min at room temperature. In the next step, 300 μl
of 10% aluminum chloride was added, and the mixture
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was allowed to stand for 5 min at room temperature.
Then, 2 ml of 1M sodium hydroxide was added and incubated for 15 min in dark at room temperature. The absorbance of the sample (pink color developed after
incubation) was measured against the reagent blank at
510 nm by using a spectrophotometer. Quercetin was
used as a standard in the concentration between 100 and
1000 ppm.
Determination of radical scavenging activity
by 2,2-diphenyl-1-picrylhydrazyl (DPPH)
The DPPH radical scavenging activity of onion and
garlic root extracts was determined according to the procedure reported by Kumar et al. (2017). The absorbance
of DPPH in plant extracts was measured using a spectrophotometer at 517 nm. The capacity to scavenge DPPH
radicals was calculated using the following formula:
DPPH scavenging activity (% inhibition) =
= [(A0 ! A1)/A0] × 100
A0 – negative control absorbance; A1 – sample absorbance.

2, 2 -Azino-bis (3-ethylbenzothiazoline-6-sulphonic acid
(ABTS) radical scavenging assay
The ABTS radical scavenging study was performed in
plant extracts according to the method of Dhar et al.
(2013). The absorbance of ABTS was measured spectrophotometrically at 734 nm. ABTS+ scavenging capacity
was calculated as follows:
ABTS radical scavenging activity [%] =
Abs0 ! Abs1
× 100
=
Abs0
Abs0 – the absorbance of ethanolic ABTS; Abs1 – the absorbance of ABTS radical with sample extract or standard.

Ferric reducing antioxidant power (FRAP) assay

FRAP assay was performed in plant extracts according to the method of Pulido et al. (2000). Different concentrations (100 and 200 mg/ml) of plant extracts and
stock standard solution of 1 mM FeSO4 · 7H2O (positive
control) were allowed to react with 2 ml FRAP solution
for 30 min at room temperature in dark. All determinations were performed in triplicate. At reaction termination, a blue-colored product (ferrous tripyridyltriazine
complex) was formed, indicating the activity of samples
against the FRAP reagent. The absorbance of the bluecolored product against the reagent blank was measured
at 593 nm by using a spectrophotometer.

Animal experimental design

The rats were randomly assigned to nine groups,
with 10 rats in each group. The first group of rats served
as the healthy control group. The second group was provided with AlCl3 in drinking water at the dose of 0.3% for
45 days (Erazi et al., 2010); this group served as the AD
induced group. After AD induction (45 days of AlCl3
treatment), the AD-induced rats were divided into 7 subgroups: the first to third subgroups of AD-induced rats
were administered 1, 2, and 3 mg/kg onion extract
through intragastric intubation for 30 days (Alpsoy et al.,
2014). The fourth to sixth subgroups of AD-induced rats
were administered 1, 2, and 3 mg/kg garlic extract
through intragastric intubation for 30 days (Khalil et al.,
2008). The seventh subgroup of AD-induced rats was
treated with rivastigmine as a reference drug through
intragastric intubation at the dose of 0.3 mg/kg b. wt.
(Carageorgious et al., 2008) daily for 45 days.
Tissue collection

At the end of the experimental period, the animals
were sacrificed under anesthesia, and their brains were
rapidly dissected and thoroughly washed with isotonic
saline. In each group, half of the brain tissues (5 brains
of 5 animals) were fixed immediately after collection in
10% formalin for histopathological examination; the
remaining brain tissues (5 brains of 5 animals) were kept
at !80EC for further use. Each brain was mid-sagittally
divided into two portions. The first portion was stored in
liquid nitrogen for molecular analysis, and the second
portion was homogenized and centrifuged at 3000 rpm
for 10 min under cooling for biochemical analysis.
Histopathological examination of tissue samples

The brain tissue specimens were fixed in 10% formalin for 24 h. Subsequently, the specimens were washed with tap water, prepared, and stained for light
microscopy examination as follows: serial dilutions of
ethyl alcohol (70, 95, and 100%) were used to hydrate
the brain tissues, followed by clearing in xylene. The
specimens were then embedded in paraffin wax in a hot
air oven at 65EC for 6 h to build tissue blocks, followed
by carefully placing of the specimens in cold water
(approximately 10EC). The paraffin wax-embedded tissue
blocks were then sectioned by using a microtome at the
thickness of 5–6 microns. The sections were then collected on glass slides and deparaffinized. Subsequently,
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Table 1. Primer sequences used for qPCR
Gene
Bax
Bcl2
Caspase 3
β-actin

Primer sequence (5N!3N)
F: CGA GCT GAT CAG AAC CAT CA
R: CTC AGC CCA TCT TCT TCC AG
F: CTC AGT CAT CCA CAG GGC GA
R:AGA GGG GCT ACG AGT GGG AT
F: GGA CCT GTG GAC CTG AAA AA
R: GCA TGC CAT ATC ATC GTC AG
F: CAC GTG GGC CGC TCT AGG CAC CAA
R: CTC TTT GAT GTC ACG CAC GAT TTC

the sections were stained for routine histological examination by hematoxylin and eosin staining reagents
(Bancroft and Gamble, 2008).
Expression of apoptosis-related genes
Isolation of total RNA

Total RNA was extracted from the brain tissues
(50 mg) from the control and treated animals by using
the standard TRIzol® reagent extraction method (Invitrogen, Germany). The RNA pellet was dissolved in
diethylpyrocarbonate (DEPC)-treated water by passing
the solution a few times through a pipette tip. Total RNA
was treated with 1 U of RQ1 RNAse-free DNAse (Invitrogen, Germany) to digest DNA residues and then resuspended in DEPC-treated water (100 μl). The purity of
total RNA was assessed by monitoring the 260/280 nm
ratio (between 1.8 and 2.1). Additionally, the integrity of
RNA samples (3 μl) was confirmed with ethidium bromide staining (5 μl/100 ml: 2% agarose) analysis of 28S
and 18S bands by formaldehyde-containing agarose gel
electrophoresis. RNA aliquots were used immediately
for reverse transcription (RT) (Salem et al., 2018).
RT reaction

Five micrograms of the complete total RNA isolated
from each animal sample was reverse transcribed into
cDNA in a total volume of 20 μl by using the RevertAidTM
First Strand cDNA Synthesis Kit (MBI Fermentas, Germany) with 50 μM oligo-dT primer. The RT reaction was
performed at 25EC for 10 min, followed by 1 h at 42EC,
and the reaction was stopped by heating for 5 min at
99EC. The reaction tubes containing RT preparations
were then flash-cooled in an ice chamber until their use
for DNA amplification through quantitative real time-polymerase chain reaction (qRT-PCR) (Khalil et al., 2018).

References/ NCBI
NM-017059.2
Khalil and Booles (2011)
NM- 012922.2
Khalil and Booles (2011)

qRT-PCR

PCR reactions were set up in 25 μl reaction mixtures
containing 12.5 μl of 1 × SYBR® Premix Ex TaqTM
(TaKaRa Biotech Co. Ltd., Germany), 0.5 μl of 0.2 μM
sense primers, 0.5 μl of 0.2 μM antisense primer, 6.5 μl
of distilled water, and 5 μl of cDNA template. At the end
of each qRT-PCR, a melting curve analysis was performed at 95EC to check the quality of the primers used
for the Bax, Bcl2, and caspase 3 genes. The primers sequences of the Bax and caspase-3 genes were designed
using Primer3 software (Primer3 Input, version 0.4.0),
while the primer sequences of Bcl2 and β-actin were selected according to Khalil and Booles (2011) – Table 1.
Each experiment included a distilled water control. The
quantitative values of RT-PCR (qRT-PCR) of apoptosisrelated genes were normalized on the basis of ß-actin
expression level (Khalil and Booles, 2011). The relative
quantification of the target to the reference was determined using the 2!))CT method.
Comet assay

Comet assay was performed according to the protocol
by Blasiak et al. (2004), with minor modifications. The
brain tissues of the rats (500 mg) were homogenized in
a lysis buffer. Next, 50–100 μl of the homogenized tissues of each treatment were mixed with low-meltingpoint agarose (ratio of 1 : 10 v/v) and then pipetted to
precoated slides with normal-melting-point agarose. The
slides were kept flat at 4EC for 30 min in dark. The third
layer of low-melting-point agarose was then pipetted on
slides and left to solidify for 30 min at 4EC. The slides
were then transferred to a pre-chilled lysis solution and
kept for 60 min at 4EC. Subsequently, the slides were
immersed in a freshly prepared alkaline (pH > 13) un-
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Table 2. Antibacterial activity of methanolic onion and garlic root extracts against several pathogenic bacteria
Growth inhibition (mean ± SEM)
Bacteria

negative
control

onion

positive
control

100 mg/ml
b

11.5 ± 0.86

a

garlic

200 mg/ml

100 mg/ml

12.7 ± 1.25

ab

11.5 ± 0.50

a

12.0 ± 1.32

ab

8.5 ± 0.50

ab

12.2 ± 1.04

ab

7.8 ± 0.28

200 mg/ml

a

13.2 ± 0.76

ab

11.2 ± 0.76

b

9.8 ± 1.04

a

B. cereus

0

16.6 ± 0.58

Staph. aureus

0

18.0 ± 1.04

ab

10.7 ± 1.52

Staph. sciuri

0

17.7 ± 0.86

ab

8.5 ± 0.50

E. coli

0

18.8 ± 1.14 ab

11.8 ± 0.76 a

14.8 ± 1.04 a

10.2 ± 0.76 a

11.2 ± 0.76

ab

S. typhi

0

15.5 ± 0.50 b

8.2 ± 0.76 ab

11.2 ± 0.76 ab

8.8 ± 1.61 ab

10.5 ± 0.86

ab

S. enterica

0

16.0 ± 1.00 ab

7.8 ± 0.76 b

9.2 ± 9.20 b

8.5 ± 0.86 ab

9.3 ± 1.25

P. aeruginosa

0

19.2 ± 0.58 a

9.5 ± 0.86 ab

13.2 ± 1.25 a

8.7 ± 0.86 ab

11.3 ± 1.04

ab
b

b
ab

Mean inhibitory clear zones and standard errors were used to determine the level of antibacterial activities against each bacterial
species; data are presented as mean ± SEM; a,b – mean values within tissue with unlike superscript letters were significantly
different (P < 0.05)

Table 3. Antifungal activity of the methanolic onion and garlic root extracts against several pathogenic fungi
Growth inhibition (mean ± SEM)
Fungal

A. ochraceus
A. niger
F. proleferatum
P. verrucosum

negative
control
0
0
0
0

onion

positive
control

garlic

100 mg/ml

200 mg/ml

100 mg/ml

200 mg/ml

21.0 ± 0.50

a

7.3 ± 0.28

8.5 ± 0.50

8.2 ± 1.04

9.5 ± 1.00

22.8 ± 2.55

a

8.5 ± 0.50

9.3 ± 0.58

7.5 ± 0.50

8.0 ± 0.50

17.5 ± 0.86

b

7.8 ± 0.28

9.0 ± 0.50

7.7 ± 0.76

9.0 ± 0.50

7.8 ± 0.14

8.5 ± 0.50

7.2 ± 0.36

7.7 ± 0.28

13.8 ± 01.75

c

Mean inhibitory clear zones and standard errors were used to determine the level of antifungal activities against each fungal
species; data are presented as mean ± SEM; a,b,c – mean values within tissue with unlike superscript letters were significantly
different (P < 0.05)

winding solution (200 mM NaOH, 1 mM EDTA) at room
temperature in dark for 60 min. The slides were then subjected to an electrophoresis run at 0.8 V/cm, 300 mAmps
at 4EC for 30 min. The slides were subsequently rinsed
in a neutralizing solution (0.4 mM Tris, pH 7.5) followed
by immersion in 70% ethanol and then air-dried. These
slides were then stained with an aqueous solution of
ethidium bromide dye (0.02 mg/ml) and visualized by
a Zeiss epifluorescence microscope (510–560 nm,
barrier filter 590 nm) with a magnification of × 400 to
determine DNA damage in 100 cells per animal.
Determination of ROS formation

Intracellular ROS generation was measured in brain
tissues by a flow cytometer with an oxidation-sensitive
dichlorofluorescein diacetate (DCFH-DA) fluorescent
probe. Single-cell suspensions were prepared by pipetting homogenized tissues for 1–2 min to obtain suspen-

sion cells (Khalil and Abdu, 2013). DCFH-DA is a nonfluorescent compound that is freely taken up into brain
cells. DCFH is oxidized to fluorescent dichlorofluorescein (DCF) through the action of cellular oxidants. The
suspension was loaded with the DCFH-DA solution to
a final concentration of 50 μM, and the solution was then
incubated for 30 min at 37EC. The samples were then
centrifuged at 1000 rpm for 5 min (4EC), and the cells
were resuspended in phosphate-buffered saline (PBS,
pH 7.2–7.4). The fluorescence was detected by a flow
cytometer (with excitation at 488 nm and emission at
525 nm). For each treatment, 1 × 105 cells were counted, and the experiment was performed in triplicate.
Statistical analysis

All data were analyzed using the General Linear
Model (GLM) procedure of Statistical Analysis System
(SAS, 1982) followed by the Scheffé test to assess signi-
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Fig. 1. Representative photomicrographs of brain sections stained with hematoxylin-eosin stain: A) brain section of the control
negative group (magnification 400 ×); B) brain sections of AD-induced animals (400 ×); C) brain sections of AD-induced rats
treated with a low dose of the onion root extract (400×); D) brain sections of AD-induced rats treated with a medium dose of
the onion root extract (200 ×); E) brain sections of AD-induced rats treated with a high dose of the onion root extract (100 ×);
F) brain sections of AD-induced rats treated with a low dose of garlic root extract (400 ×); G) brain sections of AD-induced rats
treated with a medium dose of the garlic root extract (100×); H) brain sections of AD-induced rats treated with a high dose of
the garlic root extract (200 ×); I) cerebellum sections of AD-induced rats treated with the reference drug rivastigmine (400 ×)

ficant differences between the groups. The values are
expressed as mean ± SEM. All significance values were
based on the probability of P < 0.05.
Results
Mycotoxin determination in the root plant extracts

The test results showed that the three mycotoxins
(ochratoxin A, AFs (B1, B2, G1, and G2), and zearalenone) were not detected in both onion and garlic fresh
root extracts.
Antifungal and antibacterial activities
of the root plant extracts
Tables 2 and 3 show the antibacterial and antifungal
activities of the onion and garlic root extracts. Three
gram-positive foodborne pathogenic bacteria (Bacillus cereus EMCC 1080, Staphylococcus aureus ATCC 13565,
and Staphylococcus sciuri 2–6) and four gram-negative
bacteria (Salmonella typhi ATCC 25566, Salmonella ente-

rica SA19992307, Escherichia coli 0157 H7 ATCC 51659,
and Pseudomonas aeruginosa NRRL B-272) were used to
test the antibacterial activities of the onion and garlic root
extracts (Table 2). The results showed that the onion root
extracts exhibited the highest mean values of bacterial
growth inhibition (11.8 ± 0.76 and 14.8 ± 1.04 at 100 and
200 mg/ml, respectively) against E. coli. The second and
third highest mean growth inhibition values of the onion
root extracts were observed for S. aureus (10.7 ± 1.52
and 12.0 ± 1.32) and P. aeruginosa (9.5 ± 0.86 and 13.2 ±
± 1.25) at 100 and 200 mg/ml concentrations, respectively. The highest mean growth inhibition value of the
garlic root extracts was observed for E. coli (10.2 ± 0.76
and 11.2 ± 0.76). The second highest mean growth inhibition value of the garlic root extracts was noted for S. aureus (8.7 ± 0.50 and 11.2 ± 0.76) at 100 and 200 mg/ml
concentrations, respectively.
Different strains of fungi (Aspergillus ochraceus
ITAL 14, Aspergillus niger IMI288550, Fusarium proli-
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feratum MPVP 328, and Penicillium verrucosum BFE
500) were used to determine the antifungal activities of
the onion and garlic root extracts. The results showed
no significant differences (P > 0.05) in the mean values
of growth inhibition between the onion and garlic root
extracts against all the tested strains of fungi (A. ochraceus, A. niger, F. proliferatum, and P. verrucosum).
TPC and TFC in the methanolic onion
and garlic root extracts
TPC and TFC were determined in the methanolic
onion and garlic root extracts. The results showed that
garlic root extract had higher levels (P < 0.05) of TPC
(542.2 ± 2.95) and TFC (112.0 ± 2.00) than the onion root
extracts (TPC: 406.3 ± 2.58; TFC: 42.7 ± 1.15).
DPPH and ABTS radical scavenging activities
and FRAP antioxidant levels
The levels of DPPH and ABTS free radical scavenging activities and the antioxidant levels based on FRAP
assay were determined for the onion and garlic root
extracts. The DPPH scavenging activity levels were relatively similar for both plant extracts (garlic: 11.4 ± 0.05;
onion: 10.2 ± 0.34). However, the ABTS scavenging activity levels of the garlic root extract were significantly
(P < 0.05) higher (98.1 ± 1.04) than those of the onion
root extract (77.9 ± 2.58). Moreover, the garlic root extract showed considerably (P < 0.05) higher antioxidant
levels (99.3 ± 2.01) in the FRAP assay than the onion
root extract (76.2 ± 1.08).
Histopathological findings

The brain sections of the control negative group revealed normal brain tissues without any lesions (Fig. 1A).
However, the pyramidal cells of the hippocampus of AD
animals exhibited degeneration and pyknosis with neurofibrillary tangles (arrow, Fig. 1B). Treatment of AD-induced animals with a low dose (1 mg/kg) of the onion root
extract led to induction of necrobiosis of astrocytes
(arrow) and focal neurofibrillary tangles of large neurons
(Fig. 1C). AD-induced animals treated with a medium dose
(2 mg/kg) of the onion root extract had necrobiosis of
neurons and neurofibrillary tangles that were observed in
some degenerated cells in addition to deposits of eosinophilic materials (Fig. 1D). Importantly, the brain sections
of AD-induced rats treated with a high dose (3 mg/kg) of
the onion root extract showed relatively normal pyramidal
and neuron cells of the hippocampus (Fig. 1E).

On the other hand, the brain sections of AD-induced
rats treated with a low dose (1 mg/kg) of garlic root extract had neuronal degeneration and pyknosis in the
hippocampal cells. Neurofibrillary tangles of the hippocampal pyramidal neurons were also detected (Fig. 1F).
Representative photomicrographs of the brain sections of
AD-induced rats treated with a medium dose (2 mg/kg) of
the garlic root extract revealed focal cerebral necrosis
with infiltration of glial cells (star) (Fig. 1G). Brain sections of AD-induced rats treated with a high dose
(3 mg/kg) of the garlic root extract showed slight degeneration of the hippocampal neuron cells (Fig. 1H).
The representative photomicrographs of the cerebellum
sections of AD-induced rats treated with the reference
drug rivastigmine observed Purkinje cells with necrobiosis (arrows, Fig. 1I).
Alteration in the expression of apoptosis-related genes

Expression patterns of the apoptotic genes Bax, Bcl2,
and caspase-3 in the brain tissues of AD-induced rats
treated with different concentrations of the onion and
garlic root extracts are summarized in Figures 2–4.
The expression levels of the Bax (356.6%) and caspase-3 (528.6%) genes were significantly higher, but
those of the Bcl2 (44.1%) gene was lower in the brain
tissues of AD-induced rats as compared that (100%) in
the control group (P < 0.01). However, treatment of ADinduced rats with medium (2 mg/kg) and high (3 mg/kg)
doses of the onion root extract decreased the expression
levels of Bax (290.6 and 277.4%, respectively) and caspase-3 mRNAs (448.6 and 374.3%, respectively) and
increased the expression levels of the Bcl2 gene (53.9
and 64.7%, respectively) as compared to that in AD-induced rats. The reduction in the expression levels of Bax
and caspase-3 mRNAs and the increase in the Bcl2 gene
expression in AD-induced rats treated with a low dose
(1 mg/kg) of the onion root extract were nonsignificant
(P > 0.05) as compared to those in AD-induced rats
(Fig. 2–4).
Treatment of AD-induced rats with low, medium, and
high doses (1, 2, and 3 mg/kg) of the garlic root extract
significantly decreased the expression levels of Bax
(307.5, 250.9, and 198.1%, respectively) and caspase-3
(408.6, 300, and 234.3%, respectively) and increased the
levels of Bcl2 mRNA (55.9, 69.6, and 80.4%, respectively) in their brain tissues as compared to that in the
brains of AD-induced rats. Moreover, the lowest expres-
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Fig. 2. Alterations in the expression levels of the Bax gene in
brain tissues collected from AD-induced rats treated with low
(L – 1 mg/kg), medium (M – 2 mg/kg), and high (H – 3 mg/kg)
doses of the onion and garlic root extracts; data are presented
as mean ± SEM; a, b, c, d – mean values within the tissue with different superscript letters were significantly different (P < 0.05)
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Treatment

Fig. 3. Alterations in the expression levels of the Bcl2 gene in
brain tissues collected from AD-induced rats treated with low
(L – 1 mg/kg), medium (M – 2 mg/kg), and high (H – 3 mg/kg)
doses of the onion and garlic root extracts; data are presented
as mean ± SEM; a, b, c, d – mean values within the tissue with different superscript letters were significantly different (P < 0.05)

sion levels of Bax and caspase-3 genes and the highest
expression level of the Bcl2 gene were observed in ADinduced rats treated with a high dose of the garlic root
extract. Treatment of AD-induced rats with rivastigmine
also significantly decreased the expression levels of the
Bax (232.1%) and caspase-3 (337.1%) genes and increased the levels of the Bcl2 (72.5%) gene as compared
to those in untreated AD-induced rats (Fig. 2–4).

Fig. 4. Alterations in the expression levels of the caspase-3
gene in brain tissues collected from AD-induced rats treated
with low (L – 1 mg/kg), medium (M – 2 mg/kg), and high
(H – 3 mg/kg) doses of the onion and garlic root extracts; data
are presented as mean ± SEM; a, b, c, d, e, f – mean values within
the tissue with different superscript letters were significantly
different (P < 0.05)

Effect of the root extracts on DNA damage as assessed
by comet assay
The damage rate of DNA in the brain tissues of ADinduced rats treated with the onion and garlic root
extracts is summarized in Table 4. The rates of DNA
damage in the brain tissues of AD-induced rats increased
(23.4 ± 0.51) significantly (P < 0.01) as compared to that
in the control rats (6.8 ± 0.25). Treatment of AD-induced
rats with medium and high doses (2 and 3 mg/kg) of the
onion root extract significantly decreased DNA damage
(17.8 ± 0.37 and 14.6 ± 0.68, respectively) in their brain
tissues as compared to that in the brains of AD-induced
rats (23.4 ± 0.51). AD-induced rats treated with a low
dose (1 mg/kg) of the onion root extract showed a slight
decrease in DNA damage (21.2 ± 0.58) as compared to
that in untreated AD-induced rats (23.4 ± 0.51).
Treatment of AD-induced rats with low, medium, and
high doses (1, 2, and 3 mg/kg) of the garlic root extract
considerably decreased DNA damage (17.4 ± 0.60, 13.2±
± 0.58, and 10.8 ± 0.74, respectively) in their brain tissues as compared to that in untreated AD-induced rats
(23.4 ± 0.51). The lowest rate of DNA damage (10.8 ±
± 0.74) found in the group of AD-induced rats treated
with a high dose (3 mg/kg) of the garlic root extract,
which was relatively close to that observed in control
rats (6.8 ± 0.25).
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Table 4. Rate of DNA damage in the brain tissues of AD-induced rats treated with low (L), medium (M),
and high (H) doses of onion and garlic root extracts by using comet assay
Class- of comet

Number of cells *
analyzed

total comets

0

1

2

3

DNA damaged cells
(mean ± SEM)

Control

500

34

466

28

6

0

6.8 ± 0.25

AD

500

117

383

34

46

37

23.4 ± 0.51

a

AD-Onion L

500

106

394

38

43

25

21.2 ± 0.58

a

AD-Onion M

500

89

411

35

28

26

17.8 ± 0.37

b

AD-Onion H

500

73

427

42

22

9

14.6 ± 0.68

c

AD-Garlic L

500

87

413

36

27

24

17.4 ± 0.60

b

AD-Garlic M

500

66

434

32

21

13

13.2 ± 0.58

c

AD-Garlic H

500

54

446

28

20

6

10.8 ± 0.74

d

Riv

500

81

419

29

30

22

16.2 ± 0.58

Treatment

e

bc

Class: 0 – no tail, 1 – tail length < diameter of nucleus, 2 – tail length between 1× and 2× the diameter of nucleus, and 3 – tail length > 2× the diameter of nucleus; (*) – number of cells analyzed were 100 per an animal;
data are presented as mean ± SEM; a,b,c,d,e – mean values treatment groups with unlike superscript letters were
significantly different (P < 0.05)
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Fig. 5. Alterations in intracellular ROS levels in the brain tissues
of AD-induced rats treated with low (L – 1 mg/kg), medium
(M – 2 mg/kg), and high (H – 3 mg/kg) doses of onion and garlic
root extracts; data are presented as mean ± SEM; a, b, c, d, e, f
– within each column, mean values with different superscript
letters are significantly different (P < 0.05)

Effects of the onion and garlic root extracts
on ROS generation in AD-induced rats
Figure 5 shows the effects of the onion and garlic
root extracts on the intracellular ROS fluorescence intensity (%). The mean fluorescence intensity (%) of intracellular ROS in AD-induced rats was significantly higher
(274%) than that in the control group (41%). Treatment
of AD-induced rats with different doses of the onion and
garlic root extracts significantly decreased the mean

fluorescence intensity (%) of intracellular ROS as compared with that in untreated AD-induced rats. The mean
fluorescence intensity (%) of intracellular ROS in ADinduced rats treated with medium and high doses (2 and
3 mg/kg) of the onion root extract was reduced considerably (165 and 142%) as compared to that in ADinduced rats (274%). Moreover, the mean fluorescence
intensity (%) of intracellular ROS in AD-induced rats
treated with low, medium, and high doses (1, 2, and
3 mg/kg) of the garlic root extract decreased significantly (168, 124 and 77%, respectively) as compared to
that in untreated AD-induced rats (274%). The results
showed that lowest intracellular ROS fluorescence intensities were observed in the group of AD-induced rats
treated with a high dose of the garlic root extract (77%)
and rivastigmine (86%) – Figure 5.
Discussion
AD is one of the chronic diseases with increasing
incidence annually worldwide. Neuronal degeneration in
the brain tissues occur due to several reasons. AF is
a fungal toxin produced by the fungus Aspergillus that is
widely found in improperly stored feed and food (Wei
et al., 2018). Recently, Huang et al. (2020) found that
aflatoxin-B1 (AFB1) causes brain damage mediated by
ROS generation and DNA damage. Therefore, in the
present study, we focused on plant extracts such as
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onion and garlic root extracts with antifungal activities
as promising natural products against AD. Alsayyah et al.
(2019) reported that garlic extracts showed protection
against AF-induced chronic neurodegeneration in male
rats. In the current study, the capability of the onion and
garlic root extracts to exhibit antibacterial and antifungal
activities revealed that these extracts showed high
growth inhibition against different bacterial and fungal
strains. Many studies have investigated the use of natural compounds extracted from several medicinal plants
(ginger, Trachyspermum ammi (L.) Sprague, and Cymbopogon citratus) against fungal growth and production
of AF (Velazhahan et al., 2010; Janardhan et al., 2016;
Vipin et al., 2017). Moreover, garlic extracts were shown
to prevent AF production (Abdel-Wahhab and Aly, 2003;
Negera and Wash, 2019). Onion extracts also exhibited
antifungal and anti-AF activities (Abdel-Wahhab and Aly,
2003). Thus, previous studies have confirmed that several plants such as ginger (Mohd Sahardi and Makpol,
2019), Trachyspermum ammi (Bairwa et al., 2012), citrus fruits (Elumalai and Lakshmi (2016), and onion and
garlic (Luo et al., 2021) can protect neural cells against
toxicity.
Apoptosis is one of the main hallmarks of AD (Zhang
et al., 2020). The enzymes belonging to the cysteine
protease family are among the important enzymes that
play a vital role in the mechanism of apoptosis (Crowley
and Waterhouse N.J., 2016). One of these enzymes is
caspase-3 which is necessary for the activation of other
apoptotic enzymes such as caspase-8 and caspase-9 (Wan
et al., 2019). Because of its vital role in AD and to understand the mechanism of AD, caspase-3 is one of the most
studied apoptotic enzymes, because it is associated with
neurotoxicity in the brain tissues (Szychowski et al.,
2019). The findings of the current study indicated that
the expression levels of the apoptosis-related genes such
as the caspase-3 and Bax genes increased significantly in
the brain tissues of AD-induced rats as compared to
those in the control group.
The current study found that the treatment of ADinduced rats with several doses of onion and garlic root
extracts decreased the expression levels of the Bax
(Fig. 2) and caspase-3 (Fig. 4) genes as compared to
those in untreated AD-induced rats. The protective
effect of these extracts might be attributed to its content
of flavonoids that act as important antioxidants) Golubkina et al., 2020).

163

The present results also indicated that the protective
effect of the garlic root extract against apoptosis was
more clearer than that of the onion root extract. The expression levels of the caspase-3 and Bax genes in the
brain tissues of AD-induced rats treated with the garlic
root extract decreased more than that in AD-induced
rats treated with the onion root extract. Kim et al.
(2018) conducted a comparative study between the antioxidant activities and bioactive organosulfur compounds
in garlic and onion and found that the garlic extract had
a significantly high level of γ-glutamyl peptides as compared to the onion extract. γ-Glutamyl peptides are associated with the glutathione (GSH) cycle and metabolic
enzymes such as γ-glutamyl cysteine synthetase and
γ-glutamyl transpeptidase (Yang et al., 2019). The present study also found that the garlic root extract had
much higher levels of TFC and TPC than the onion root
extract. Thus, the higher protective role of the garlic
root extract than that of the onion root extract could be
attributed to the high percentage of antioxidant compounds in the former.
The protective role of onion against neurodegeneration can be attributed to its active ingredients such as
flavonoids. Among the main active flavonoids are quercetin, catechins, kaempferol, and naringenin, which are
present in onions and some other vegetables and citrus
fruits (Manach et al., 2004; Tsao, 2010; Russo et al.,
2012; Goufo and Trindade, 2014). Several studies have
been conducted on the effect of quercetin as an active
flavonoid in onion against neurodegenerative diseases
(Schmitt-Schillig et al., 2005; Tsao, 2010; Russo et al.,
2012; Goufo and Trindade, 2014). The researchers
found that onion flavonoid intake (including quercetin)
prevented brain aging through the inhibition of several
biochemical processes that affect brain diseases. As confirmed in numerous studies, the mechanism of action of
quercetin extracted from onion is through the promotion
of the antioxidant activity and prevention of intracellular
ROS generation (Russo et al., 2012, Lu et al., 2017). The
current study also confirmed the presence of flavonoids
in the onion root extract, thus indicating its potential in
inhibiting ROS generation in the brain tissues of the AD
rat model.
Several studies have indicated that quercetin enhances protective effects against several pathological diseases such as cancer and diabetes (Kobori et al., 2009;
Russo et al., 2012) through improvement in antioxidant
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capacity and regulation of the expression patterns of
Nrf2 and PON2 (Zaplatic et al., 2019; Costa et al., 2016).
Quercetin content was determined in the brain tissues
of rats supplemented orally with quercetin, and it was
found to play an effective role in alleviating neurodegenerative disorders (De Boer et al., 2005). The present study found that treatment of AD-induced rats with
garlic root extracts decreased histopathological brain
lesions (Fig. 1), decreased the expression levels of the
apoptotic genes (Figs. 2–4), promoted nucleic acid repair through decrease in DNA damage rate (Table 4),
and inhibited intracellular ROS generation in brain tissues (Fig. 5). This effect could be attributed to our findings, thus showing that the garlic root extract had
higher free radical ABTS scavenging activity and
antioxidant FRAP levels than that of the onion root
extract. These results are in line with other studies conducted on AD rat models and treated with garlic extracts
(Pavitt et al., 1998; Costa et al., 2016). These studies
indicated that the protective effect of garlic extracts can
be attributed to its active ingredient, namely SAC. The
garlic extract and its active ingredient SAC can alleviate
brain aging by decreasing the content of amyloid-β peptide and reducing pathological lesions (Holcik and Sonenberg, 2005). Borek (2001) also suggested that the
mechanism of action of garlic extract and/or SAC is attributed to increase in the level of antioxidants in the brain
tissues of AD models. Hermawati et al. (2015) suggested
the role of the active ingredient SAC in garlic as it promotes an increase in the level of antioxidant enzymes
such as glutathione peroxidase (GPx), glutathione reductase (GR), and superoxide dismutase (SOD) mediated by upregulation of the Nrf2 factor in the hippocampus of male rats.
Kang et al. (2016) used garlic extract to mitigate
oxidative stress and reported that the presence of saponin in garlic extract suppressed intracellular ROS generation and consequently decreased DNA damage in
mouse brain cells. The mechanism of action of garlic
saponin against oxidative stress was attributed to the
enhancement of the antioxidant capacity through an increase in the level of heme oxygenase-1 (HO-1), which is
an important antioxidant enzyme against cellular oxidative damage (Kang et al., 2016). Park et al. (2009)
reported that the protective effect of garlic against cellular oxidative stress-induced genotoxicity was because of
its capacity to improve the antioxidant activity. Abdella

and Gad (2008) found that the antigenotoxic effect of
garlic extract could be due to the presence of sulfhydryl
groups in its extract materials, which prevented the generation of free radicals and thus suppressed DNA
damage. The higher protective role of the garlic root extract against AD than that of the onion root extract could
be attributed to the high levels of γ-glutamyl peptides
(Yang et al., 2019), high TFC and TPC, high free radical
scavenging of ABTS and antioxidant FRAP levels, and
high levels of SAC (Ray et al. 2011) and saponin (Kang
et al. 2016) in the garlic root extract as compared to that
in the onion root extract.
Conclusions
Supplementation of AD-induced rats with onion and
garlic root extracts mitigated the toxic symptoms observed in these rats in the form of histopathological lesions,
alterations in the expression levels of the apoptotic
genes, DNA damage, and intracellular ROS generation in
brain tissues. The protective role of onion root extract
against AD might result from its content of flavonoid
compounds that improve the antioxidant capacity and
regulation of the gene expression patterns. Further studies are required on the garlic and onion extract fraction
for better understanding of the mechanism of the specific bioactive compounds present in these extracts
against AD.
Acknowledgments
The authors want to thank the National Research Centre (Government of Egypt) for the financial support. We would also
like to thank the Food Toxicology and Contaminants Department and the Cell Biology Department for their help and
laboratory support.
Availability of data and materials
All data used during the present study are available from the
corresponding authors on reasonable request.
Competing interests
The authors declare that they have no competing interests.

References
Abdel-Wahhab M. A., Aly S. E. (2003) Antioxidants and radical

scavenging properties of vegetable extracts in rats fed
aflatoxin-contaminated diet. J. Agric. Food Chem. 51(8):

2409–2414.
Abdella E., Gad M. (2008) Protective role of diallyl disulphide

compound (from garlic extract) against mercuric chlorideInduced genotoxicity and cytotoxicity in albino rats. Iran.

J. Cancer Prevent. 1(3): 95–109.

Effect of onion and garlic roots extracts on Alzheimer disease

Alpsoy S., Kanter M., Aktas C., Erboga M., Akyuz A., Akkoyun
D.C., Oran M. (2014) Protective effects of onion extract on

cadmium-induced oxidative stress, histological damage, and
apoptosis in rat heart. Biol. Trace Elem. Res. 159(1–3):

297–303.
Alsayyah A., ElMazoudy R., Al-Namshan M., Al-Jafary M., Alaqeel N. (2019) Chronic neurodegeneration by aflatoxin B1

depends on alterations of brain enzyme activity and immunoexpression of astrocyte in male rats. Ecotoxicol.

Environ. Saf. 182: 109407.
Bairwa R., Sodha R.S., Rajawat B.S. (2012) Trachyspermum
ammi. Pharmacogn. Rev. 6(11): 56–60.
Bancroft J.D., Gamble M. (2008) Theory and practice of histological techniques. Churchill Livingstone, Elsevier, China.
Bigham M., Mohammadipour A., Hosseini M., Malvandi A.M,
Ebrahimzadeh-Bideskan A. (2021) Neuroprotective effects

of garlic extract on dopaminergic neurons of substantia
nigra in a rat model of Parkinson's disease: motor and nonmotor outcomes. Metab. Brain Dis. 36(5): 927–937.

Blasiak J., Arabski M., Krupa R., Wozniak K., Zadrozny M.,
Kasznikcki J., Zurawska M., Drzewoski J. (2004) DNA damage and repair in type 2 diabetes mellitus. Mutation Mutation Res. 554(1–2): 297–304.
Borek C. (2001) Antioxidant health effects of aged garlic extract. J. Nutr. 131(3s): 1010S–1015S.
Breitner J.C., Haneuse S.J., Walker R., Dublin S., Crane P.K.,
Gray S.L., Larson E.B. (2009) Risk of dementia and AD

with prior exposure to NSAIDs in an elderly communitybased cohort. Neurology 72(22): 1899–1905.

Crowley L.C., Waterhouse N.J. (2016). Detecting Cleaved Caspase-3 in Apoptotic Cells by Flow Cytometry. Cold Spring
Harb Protoc. 2016(11).
Carageorgious H., Sideris A.C., Messaril E. (2008) The effect

ofrevastigmine and selegilin on brain acetylcholinesterase,
(Na+, K+), Mg2+, ATPase activities, antioxidant status and
learningperformance of aged rats. Neuropsychiatr. Dis.

Treat. 4: 687–699.
Chae J.I., Cho J.H., Lee K.A., Choi N.J., Seo K.S., Kim S.B.,
Lee S.H., Shim J.H. (2012) Role of transcription factor Sp1

in the quercetin-mediated inhibitory effect on human malignant pleural mesothelioma. Int. J. Mol. Med. 30(4):

835–841.
Chauhan N.B. (2006) Effect of aged garlic extract on APP pro-

cessing and tau phosphorylation in Alzheimer's transgenic
model Tg2576. J. Ethnopharmacol. 108(3): 385–394.

Costa L.G., Garrick J.M., Roque, P.J., Pellacani C. (2016)

Mechanisms of neuroprotection by quercetin: counteracting oxidative stress and more. Oxid. Med. Cell Longev.

2016: 2986796.
De Boer V.C., Dihal A.A., van derWoude H., Arts I.C., Wolram
S., Alink G.M., Rietjens I.M., Keijer J., Hollman P.C.
(2005) Tissue distribution of quercetin in rats and pigs. J.
Nutr. 135: 1718–1725.
Dhar P., Bajpai P.K., Tayade A.B., Chaurasia O.P., Srivastava
R.B., Singh S.B. (2013) Chemical composition and anti-

oxidant capacities of phytococktail extracts from trans-

165

Himalayan cold desert. BMC Complement. Altern. Med.
13: 259–289.
Dorrigiv M., Zareiyan A., Hosseinzadeh H. (2021) Onion (Al-

lium cepa) and its main constituents as antidotes or protective agents against natural or chemical toxicities: a comprehensive review. Iran. J. Pharm. Res. 20(1): 3–26.
Erazi H., Sansar W., Ahboucha S., Gamrani H. (2010) Aluminum affects glial system and behavior of rats. C.R. Biol.

333: 23–27.
Fan T.J., Han L.H., Cong R.S., Liang J. (2005) Caspase family
proteases and apoptosis. Acta Biochim. Biophys. Sin.
(Shanghai) 37: 719–727.
Elumalai P., Lakshmi S. (2016) Role of quercetin benefits in
neurodegeneration. Adv. Neurobiol. 12: 229–245.
Galal M.K., Elleithy E.M.M., Abdrabou M.I., Yasin N.A.E.,
Shaheen Y.M. (2019) Modulation of caspase-3 gene ex-

pression and protective effects of garlic and spirulina
against CNS neurotoxicity induced by lead exposure in
male rats. Neurotoxicology 72: 15–28.

Glushakova O.Y., Glushakov A.O., Borlongan C.V., Valadka
A.B., Hayes R.L., Glushakov A.V. (2018) Role of caspase-3-

mediated apoptosis in chronic caspase-3-cleaved tau accumulation and blood-brain barrier damage in the Corpus
callosum after traumatic brain injury in rats. J. Neuro-

trauma 35(1): 157–173.
Golubkina N., Amagova Z., Matsadze V., Zamana S., Tallarita
A., Caruso G. (2020) Effects of arbuscular mycorrhizal

fungi on yield, biochemical characteristics, and elemental
composition of garlic and onion under selenium supply.

Plants (Basel) 9(1): 84.
Goufo P., Trindade H. (2014) Rice antioxidants: phenolic

acids, flavonoids, anthocyanins, proanthocyanidins, tocopherols, tocotrienols, γ-oryzanol, and phytic acid. Food Sci.

Nutr. 2(2): 75–104.
Harley J.P., Prescott L.M. (1996) Laboratory exercise in
microbiology [3rd edition]. WCB. McGraw-Hill, Boston:
150–151.
Hazzaa S.M., Abdelaziz S.A.M., Abd Eldaim M.A., Abdel-Daim
M.M., Elgarawany G.E. (2020) Neuroprotective potential

of Allium sativum against monosodium glutamate-induced
excitotoxicity: impact on short-term memory, gliosis, and
oxidative stress. Nutrients 12(4): 1028.
Hermawati E., Sari D., Partadiredja G. (2015) The effects of
black garlic ethanol extract on the spatial memory and estimated total number of pyramidal cells of the hippocampus
of monosodium glutamate-exposed adolescent male Wistar
rats. Anatom. Sci. Inter. 90: 275–286.
Holcik M., Sonenberg N. (2005) Translational control in stress
and apoptosis. Nat. Rev. Mol Cell Biol. 6: 318–327.
Huang B., Chen Q., Wang L., Gao X., Zhu W., Mu P., Deng Y.
(2020) Aflatoxin B1 induces neurotoxicity through reactive

oxygen species generation, DNA damage, apoptosis, and
S-phase cell cycle arrest. Int. J. Mol. Sci. 21(18): 6517.

Janardhan A., Praveen K.A., Sivaprasad Y., Sai G.D.V.R., Subramanyam D. (2016) Inhibition of Aspergillus flavus

growth and detoxification of aflatoxin B1 by the medicinal

166

E.M. Hegazy, A. Sabry, W.K.B. Khalil

plant leaf extract-cymbopogon citratus. Intern. J. Clin. Biol.
Sci. 1(1): 11–23.
Jiao C., Chen W., Tan X., Liang H., Li J., Yun H., He C., Chen
J., Ma X., Xie Y., Yang B.B. (2020) Ganoderma lucidum
spore oil induces apoptosis of breast cancer cells in vitro
and in vivo by activating caspase-3 and caspase-9. J. Ethno-

pharmacol. 247: 112256.
Kang J.S., Kim S.O., Kim G.Y., Hwang H.J., Kim B.W., Chang
Y.C., Kim W.J., Kim C.M., Yoo Y.H., Choi Y.H. (2016) An

exploration of the antioxidant effects of garlic saponins in
mouse-derived C2C12 myoblasts. Int. J. Mol. Med. 37(1):

149–156.
Khalil W.K.B., Abdu F. (2013) Effects of Salvia officinalis ex-

tract and its nano-encapsulated form on methylmercury
induced neurotoxic-stress in male rats. World Appl. Sci. J.

24(7): 826–837.
Khalil W.K.B., Ahmed K.A., Park M.H., Kim Y.T., Park H.H.,
Abdel-Wahhab M.A. (2008) The inhibitory effects of garlic

and Panax ginseng extract standardized with ginsenoside
Rg3 on the genotoxicity, biochemical and histological changes induced by Ethylenediaminetetraacetic acid in male
rats. Arch. Toxicol. 82: 183–195.
Khalil W.K.B., Booles H.F. (2011) Protective role of selenium
against over-expression of cancer-related apoptotic genes
induced by o-Cresol in rats. Arh. Hig. Rada. Toksikol. 62:

121–129.
Khalil W.K.B., Booles H.F., Hafiz N.A., El-Bassyouni G.E.
(2018) Ameliorative effects of Brachidontes variabilis calcium carbonate against bone loss in ovariectomized rats.
Intern. J. Pharmacol. 14: 477–487.
Khurana S., Venkataraman K., Hollingsworth A., Piche M., Tai
T.C. (2013) Polyphenols: benefits to the cardiovascular
system in health and in aging. Nutrients 5(10): 3779–3827.
Kim S., Kim D.B., Jin W., Park J., Yoon W., Lee Y., Kim S.,
Lee S., Kim S., Lee O.H., Shin D., Yoo M. (2018) Compa-

impairment and Alzheimer's disease: a systematic review
and meta-analysis of experimental animal studies. J. Ethno-

pharmacol. 280: 114423.
Majtnerová P., Roušar T. (2018) An overview of apoptosis
assays detecting DNA fragmentation. Mol. Biol. Rep.
45(5): 1469–1478.
Makkar H.P.S. (2003) Quantification of tannins in tree and
shrub foliage. A laboratory manual. Dordrecht, Kluwer
Academic Publishers: 50–51.
Manach C., Scalbert A., Morand C., Rémésy C., Jiménez L.
(2004) Polyphenols: food sources and bioavailability. Am.
J. Clin. Nutr. 79(5): 727–747.
Mohd Sahardi N.F.N., Makpol S. (2019) Ginger (Zingiber offi-

cinale Roscoe) in the prevention of ageing and degenerative diseases: review of current evidence. Evid. Based

Complement. Alternat. Med. 20: 5054395.
Negera M., Wash A.P. (2019) Use of natural dietary spices for
reclamation of food quality impairment by aflatoxin. J.
Food Quality 1–10. https://doi.org/10.1155/2019/4371206
Park J.H., Park Y.K., Park E. (2009) Antioxidative and anti-

genotoxic effects of garlic (Alium sativum L.) prepared by
different processing methods. Plant Foods Hum. Nutr.

64(4): 244–249.
Pavitt G.D., Ramaiah K.V., Kimball S.R., Hinnebusch A.G.
(1998) eIF2 independently binds two distinct eIF2B sub-

complexes that catalyze and regulate guanine-nucleotide
exchange. Genes Dev. 12: 514–526.
Pulido R., Bravo L., Sauro-Calixo F. (2000) Antioxidant activity
of dietary polyphenols as determined by a modified ferric
reducing/antioxidant power assay. J. Agri. Food Chem. 48:

3396–3402.
Ray B., Chauhan N.B., Lahiri D.K. (2011) Oxidative insults to

neurons and synapse are prevented by Aged Garlic Extract
(AGE) and S-allyl-L-Cysteine (SAC) treatment in the neuronal culture and APP-Tg mouse model. J. Neurochem.

rative studies of bioactive organosulphur compounds and
antioxidant activities in garlic (Allium sativum L.), elephant garlic (Allium ampeloprasum L.) and onion (Allium
cepa L.). Nat. Prod. Res. 32(10): 1193–1197.

117(3): 388–402.
Rehman M.U., Wali A.F., Ahmad A., Shakeel S., Rasool S., Ali
R., Rashid S.M., Madkhali H., Ganaie M.A. (2019) Neuropro-

Dietary quercetin alleviates diabetic symptoms and reduces streptozotocin-induced disturbance of hepatic gene
expression in mice. Mol. Nutr. Food Res. 53: 859–868.

247–267.
Russo M., Spagnuolo C., Tedesco I., Bilotto S., Russo G.L.
(2012) The flavonoid quercetin in disease prevention and
therapy: facts and fancies. Biochem. Pharmacol. 83(1): 6–15.
Saewan N., Jimtaisong A. (2015) Natural products as photoprotection. J. Cosmet. Dermatol. 14(1): 47–63.
Salem N.A., Wahba M.A., Eisa W.H., El-Shamarka M., Khalil
W. (2018) Silver oxide nanoparticles alleviate indomethacin-induced gastric injury: a novel antiulcer agent. Inflammopharmacology 26: 1025–1035.
SAS Institute (1982). SAS user’s guide: statistics. Edition,
SAS Institute Inc., Cary, NC.
Schmitt-Schillig S., Schaffer S., Weber C.C., Eckert G.P., Müller W.E. (2005) Flavonoids and the aging brain. J. Physiol.
Pharmacol. 56(suppl. 1): 23–36.
Shen H., Pan X.D., Zhang J., Zeng Y.Q., Zhou M., Yang L.M,
Ye B., Dai X.M., Zhu Y.G., Chen X.C. (2016) Endoplasmic

Kobori M., Masumoto S., Akimoto Y., Takahashi Y. (2009)

Kumar R., Thakur M.S., Bhardwaj P., Bhardwaj G., Raghuvanshi R., Chaurasia O.P. (2017) GC-MS profiling and bioactivity study of trans-himalayan plant Centaurea depressa.
Der. Pharma. Chem. 9: 63–69.
Lacaille-Dubois M.A. (2016) Newest strategies in the search
for bioactive saponins from the tropical plant biodiversity.
Curr. Drug Deliv. 13(3): 389–399.
Lu X.L., Zhao C.H., Yao X.L., Zhang H. (2017) Quercetin

attenuates high fructose feeding-induced atherosclerosis
by suppressing inflammation and apoptosis via ROS-regulated PI3K/AKT signaling pathway. Biomed. Pharmacother.

85: 658–671.
Luo J.F., Dong Y., Chen J.Y., Lu J.H. (2021) The effect and

underlying mechanisms of garlic extract against cognitive

tective strategies for neurological disorders by natural products: an update. Khan R. Curr. Neuropharmacol. 17(3):

Effect of onion and garlic roots extracts on Alzheimer disease

reticulum stress induces the early appearance of proapoptotic and anti-apoptotic proteins in neurons of five
familial Alzheimer's disease mice. Chin. Med. J. (Eng.)

129(23): 2845–2852.
Sim Y.J. (2014) Treadmill exercise alleviates impairment of

spatial learning ability through enhancing cell proliferation
in the streptozotocin-induced Alzheimer’s disease rats. J.

Exerc. Rehabil. 10: 81–88.
Sochocka M., Zwolińska K., Leszek J. (2017) The infectious
etiology of Alzheimer's disease. Curr. Neuropharmacol.
15(7): 996–1009.
Song J., Hur B.E., Bokara K.K., Yang W., Cho H.J., Park K.A.,
Lee W.T., Lee K.M., Lee J.E. (2014) Agmatine improves

cognitive dysfunction and prevents cell death in a streptozotocin-induced Alzheimer rat model. Yonsei Med. J. 55:

167

Wan C., Zhu X.H., Cheng Y.H., Cheng J.H., Zou Z.K., Peng
J.L., Li M.H., Liu X.P. (2019) Effects of inner-heating acu-

puncture on apoptosis of chondrocytes and expression of
Caspase-3 and Caspase-9 in rats with knee osteoarthritis.

Zhongguo Zhen Jiu. 39(4): 409–416.
Wang Y.Y., Chang C.Y., Lin S.Y., Wang J.D., Wu C.C., Chen
W.Y., Kuan Y.H., Liao S.L., Wang W.Y., Chen C.J. (2020)

Quercetin protects against cerebral ischemia/reperfusion
and oxygen glucose deprivation/reoxygenation neurotoxicity. J. Nutr. Biochem. 83: 108436.

Wang M., Jiang N., Xian H., Wei D., Shi L., Feng X.Y. (2016)

A single-step solid phase extraction for the simultaneous
determination of 8 mycotoxins in fruits by ultra-high performance liquid chromatography tandem mass spectrometry. J. Chromatogr. A 1429: 22–29.

689–699.
Szychowski K.A., Wnuk A., Rzemieniec J., Kajta M., Leszczyńska T., Wójtowicz A.K. (2019) Triclosan-evoked neuro-

Wedge D.E., Klun J.A., Tabanca N., Demirci B., Ozek T., Baser K.H.C., Liu Z., Zhang S., Cantrell C.L., Zhang J. (2009)

biol. 56(1): 1–12.
Tomita T. (2016) Apoptosis in pancreatic beta-islet cells in
Type 2 diabetes. Bosn. J. Basic Med. Sci. 16(3): 162–179.
Tsao R. (2010) Chemistry and biochemistry of dietary
polyphenols. Nutrients 2(12): 1231–1246.
Vaillant-Beuchot L., Mary A., Pardossi-Piquard R., Bourgeois
A., Lauritzen I., Eysert F., Kinoshita P.F., Cazareth J., Badot C., Fragaki K., Bussiere R., Martin C., Mary R., Bauer
C., Pagnotta S., Paquis-Flucklinger V., Buée-Scherrer V.,
Buée L., Lacas-Gervais S., Checler F., Chami M. (2021)

Agric. Food Chem. 57: 464–470.
Wei Y.K., Zhao X.M., Li M.M., Yu J.X., Gurudeeban S., Hu
Y.F., Ji G.F., Wei D.Q. (2018) Detoxification of aflatoxins

toxicity involves NMDAR subunits with the specific role of
GluN2A in Caspase-3-dependent apoptosis. Mol. Neuro-

Accumulation of amyloid precursor protein C-terminal
fragments triggers mitochondrial structure, function, and
mitophagy defects in Alzheimer's disease models and
human brains. Acta Neuropathol. 141(1): 39–65.

Velazhahan R., Vijayanandraj S., Vijayasamundeeswari A., Paranidharan V., Samiyappan R., Iwamoto T., Friebe B., Muthukrishnan S. (2010) Detoxification of aflatoxins by seed

extracts of the medicinal plant, Trachyspermumammi (L.)
Sprague ex turrill–structural analysis and biological toxicity of degradation product of aflatoxin G1. Food Control

21(5): 719–725.
Vipin A.V., Raksha R.K., Kurrey N.K., AnuAppaiah K.A., Venkateswaran G.Y.J. (2017) Protective effects of phenolics

rich extract of ginger against Aflatoxin B1-induced oxidative stress and hepatotoxicity. Biomed. Pharmacother.

91: 415–424.

Bioactivity-guided fractionation and GC/MS fingerprinting
of Angelica sinensis and Angelica archangelica root components for antifungal and mosquito deterrent activity. J.

on prospective approach: effect on structural, mechanical,
and optical properties under pressures. Interdiscip. Sci.

10(2): 311–319.
Yang J., Bai W., Zeng X., Cui C. (2019) Gamma glutamyl pe-

ptides: The food source, enzymatic synthesis, kokumiactive and the potential functional properties – a review.

Trends Food Sci. Technol. 91: 339–346.
Zaplatic E., Bule M., Shah S.Z.A., Uddin M.S., Niaz K. (2019)

Molecular mechanisms underlying protective role of quercetin in attenuating Alzheimer’s disease. Life Sci. 224:

109–119.
Zhang F., Lu Z., Wang F. (2020) Advances in the pathogenesis
and prevention of contrast-induced nephropathy. Life Sci.
259: 118379.
Zhang S.J., Su S.H., Gao J.F. (2020) Electroacupuncture im-

proves learning-memory ability possibly by suppressing
apoptosis and down-regulating expression of apoptosisrelated proteins in hippocampus and cerebral cortex in immature mice with Alzheimer's disease. Zhen Ci Yan Jiu.

45(8): 611–616.
Zhishen J., Mengcheng T., Jianming W. (1999) The determina-

tion of flavonoid contents in mulberry and their scavenging
effects on superoxide radicals. Food Chem. 64: 555–559.

