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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Thomas Efferth Ethnopharmacological relevance: Oxalis corniculata (O. corniculata) is a member of Oxalidaceae family, widely
distributed in Asia, Europe, America, and Africa, used extensively as food and its traditional folkloric uses include

Keywords: management of epilepsy, gastric disorders, and neurodegenerative diseases, together with its use in enhancing

Alzheimer’s disease
Oxalis corniculata Linn
Oxidative stress
Autophagy
TLR4/NF-xf/NLRP3

health. Numerous pharmacological benefits of O. corniculata are linked to its anti-inflammatory and antioxidant
abilities. One of the most prevalent neurodegenerative disorders is Alzheimer’s disease (AD) in which neuro-
inflammation and oxidative stress are its main pathogenic processes.

Aim of the study: Our research aimed to study the neuroprotective effect of the methanolic extract of Oxalis

Wnt 3/p-catenin/GSK-3p corniculata Linn. (O. corniculata ME), compared to selenium (Se) against AlCl3-induced AD.

PERK/CHOP/Bcl-2 Materials and methods: Forty male albino rats were allocated into four groups (Gps). Gp I a control group, the rest

APOE4/LRP1 of the animals received AlCls (Gp II-Gp IV). Rats in Gp III and IV were treated with Se and O. corniculata ME,
respectively.

Results: The chemical profile of O. corniculata ME was studied using ultraperformance liquid chromatography-
electrospray ionization-quadrupole time-of-flight mass spectrometry, allowing the tentative identification of
sixty-six compounds, including organic acids, phenolics and others, cinnamic acid and its derivatives, fatty acids,
and flavonoids. AICl3 showed deterioration in short-term memory and brain histological pictures. Our findings
showed that O. corniculata ME and selenium helped to combat oxidative stress produced by accumulation of
AlCl3 in the brain and in prophylaxis against AD. Thus, Selenium (Se) and O. corniculata ME restored antioxidant
defense, via enhancing Nrf2/HO-1 hub, hampered neuroinflammation, via TLR4/NF-kp/NLRP3, along with
dampening apoptosis, Ap generation, tau hyperphosphorylation, BACE1, ApoE4 and LRP1 levels. Treatments also
promoted autophagy and modulated Wnt 3/p-catenin/GSK3p cue.

Conclusions: It was noted that O. corniculata ME showed a notable ameliorative effect compared to Se on Nrf2/
HO-1, TLR4/NF-xp/NLRP3, APOE4/LRP1, Wnt 3/p-catenin/GSK-3p and PERK axes.
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1. Introduction

Worldwide, there are around fourth million individuals suffering
from Alzheimer’s disease (AD), the most common neurodegenerative
disease of ageing, but there are currently few effective treatments
(Jeremic et al., 2021). By 2050, this figure is expected to exceed 130
million (Cano et al., 2021). Patients with AD suffer from short-term
memory loss, which makes it hard to carry through their daily duties
efficiently and successfully (Ahmad and Sachdeva, 2022). The causes of
the pathological alterations in AD are still unclear. The neuropatho-
logical alterations in AD are categorized into two features, beta-amyloid
protein (AB) extracellular deposits (Breijyeh and Karaman, 2020) and
Neurofibrillary Tangles (NFT), which are atypical threads of hyper-
phosphorylated tau protein (Verde, 2022). The accumulation of A is
thought to alter cholinergic neurotransmission, leading to a reduction in
the release of acetyl choline (Ach) (Giacobini et al., 2022). In addition,
other theories proclaim that inflammation exerts a key part in the
etiopathology of AD (Mohamed et al., 2021). Moreover, robust levels of
reactive oxygen species (ROS) relate to the etiopathology of AD (Vil-
lalpando-Rodriguez and Gibson, 2021). In fact, overexposure to
aluminum (Al) results in the initiation and progression of numerous
neurodegenerative disorders, including AD, where aluminum boosts
oxidative stress, encourages the cross-linking and deposition of Ap,
together with the development of plaques in the brain, hence these
features mimic those occurring in pathology of AD in humans (ELBi-
ni-Dhouib et al., 2021; Mehrbeheshti et al., 2022). Besides, the perva-
siveness of aluminum (Al) in the environment, daily life activities and
food makes the exposure to aluminum unavoidable. Therefore,
aluminum chloride (AlCls)-induced AD in rodents is recognized as a
reliable model for studying the neuroprotective effects of many natural
and synthetic compounds against AD (Skalny et al., 2021). In the context
of pharmacological intervention, the current therapies for AD are not
capable of halting the progression of the illness. However, these agents
offer moderate benefits since they help in reducing symptoms (Shar-
ifi-Rad et al., 2022b). Chronic inflammation and oxidative stress (OS)
impose the prompt application of novel therapies with improved effec-
tiveness against AD and reduced side effects. Shortcomings in the
available treatments for AD highlight the need to find novel sources of
chemicals with potent anti-degenerative properties to prevent the acute
neurological decline brought on by the disease. Hence, finding neuro-
protective bioactive components that are efficient in preventing, and
curing AD while being devoid of negative side effects for patients is now
essential. Considering the latter, natural substances are promising as
supplemental and alternative treatments for neurodegenerative illnesses
(Sharifi-Rad et al., 2022a,b; Welcome, 2020). Phytochemicals are
bioactive secondary metabolites, which include alkaloids, polyphenols,
terpenoids, organosulfur compounds, limonoids, furyl compounds,
polyenes, thiophenes, peptides, saponins, sterols, lignans, tannins, and
stilbenes (Hossain et al., 2022a, 2022b).

Selenium (Se) plays a substantial part in cellular processes, including
detoxification, controlling redox balance, and immunity. Multiple
studies were conducted to investigate the beneficial values of Se in
neurodegenerative maladies, like AD. Se was found to have the ability to
prevent the synthesis of amyloid beta fibers (Af) and break down
already-formed Af fibers into harmless aggregates in addition to
decreasing hyperphosphorylation of tau protein and preventing
neuronal death (Lakshmi et al.,2015). Moreover, Se levels are linked to
altered neurotransmitter metabolism. However, Se’s antioxidant activ-
ity may be the most crucial role in AD (Gao et al., 2020).

Oxalis corniculata (O. corniculata) is a member of Oxalidaceae family,
extensively dispersed in Asia, Europe, America, and Africa (Li et al.,
2006). It is abundantly growing along roadsides, in gardens, and in yard.
O. corniculata is a herbaceous plant that typically thrives in wet, dark
environments. The plant contains vital phytochemicals that are neces-
sary for regular and excellent health of human beings. The leaves of
O. corniculata are quite edible with a tangy taste, where this plant is used
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as a good appetizer and recognized for its medicinal value (Li et al.,
2006). The traditional uses of Oxalis corniculata in folk medicine
comprise its use for a variety of health benefits including its use in
treatment of neurological disorders like epilepsy, depression, dementia
and neurodegenerative maladies (Aruna et al., 2016; Senthil Kumar,
2010; Das and Gohain, 2018a, 2018b); gastric disorders; liver disorders;
diabetes; along with its use as anthelmintic; anti-inflammatory; anti-
bacterial; diuretic (Mushir et al., 2015; Jain et al., 2023) and in
wound-healing (Sharma and Kumari, 2014; Taranalli et al., 2004). In
addition, it demonstrated promising beneficial activities as
anti-neurodegenerative (Silalahi, 2022), anti-diabetic (Al-Qalhati et al.,
2016), cardioprotective (Abhilash et al., 2011), antifungal (Mukherjee
et al., 2013), anti-inflammatory (Dighe et al., 2016), as well as antiox-
idant effects, where it scavenges ROS with enhancing the antioxidant
defense mechanisms (Jain et al., 2023). In this plant, both the stem, as
well as the bark are utilized in the management of snakebite and
bronchitis, whereas juice of the leaves is used as diuretic, digestive agent
and in treating dysentery (Gupta et al., 2005; Hukkeri et al., 2006).
Those activities are well correlated with a variety of phytoconstituents,
including tannins, flavonoids as 6-C-glucosylluteolin (isoorientin),
6-C-glucosylapigenin (isovitexin) and isovitexin 7-methyl ether (Mizoka
mi et al., 2008) in addition to corniculatin A, (luteolin-6"-(E-p-hydr
oxycinnamoyl) 4-O-B-D-glucopyranoside), luteolin, luteolin-7-O-p-D-g
lucoside, rutin, Kaempferol-3-sophorotrioside, quercetin-3 (caffeoyl di-g
lucoside)-7-glucoside, isorhamnetin-3-caffeoyl-7-glucoside, other phe-
nolics including hydroxybenzoic, p-coumaric acid, ferulic acid (Ibrahim
et al., 2013; Mukherjee et al., 2018; Zeb and Imran, 2019), besides high
levels of all-E-violaxanthin, all-E-neoxanthin, all-E-lutein, 9-Z-lutein,
and p-sitosterol-3-O-p-D-glucoside. Crucial fatty acids like palmitic
acid, linoleic acid, linolenic acid, stearic acid, and oleic acid presence
have been detected (Khare, 2007). In the light of the traditional uses of
O. corniculata as a neuroprotective agent against a variety of neurolog-
ical diseases and neurodegenerative disorders, Aruna et al. (2017), also
supported this notion by reporting that O. corniculata elicited neuro-
protective effects against neurodegenerative diseases, like Parkinson’s
disease (PD), where it attenuated cognitive and behavioral impairments,
improved learning and memory performance in model of PD, via its
antioxidant, anti-degenerative, neuroprotective and anti-inflammatory
actions, as ROS and neuroinflammation are the main contributors in
the pathophysiology of neurodegenerative diseases. Moreover, an
in-vitro study depicted notable acetylcholinesterase (AChE) inhibitory
activity of the flavonoids isolated from O. corniculata (Imran et al.,
2020). Noteworthy, isovitexin, one of the constituents of O. corniculata,
had been reported to exert anti-Alzheimer activities (Herrero and Barja,
2000). Besides, Tillerson et al. (2002) and Tillerson and Miller (2003)
reported that the modulatory effect of O. corniculata on cholinergic
neurotransmission, supported the recommendation of the use of
O. corniculata as a promising agent in treatment of neurodegenerative
maladies, including AD and PD.

In view of the above-mentioned traditional uses and activities,
particularly the antioxidant, anti-inflammatory, anti-neurodegenera-
tive, together with the documented neuroprotective activities of
O. corniculata against neurological disorders, including neurodegener-
ative maladies, like AD, the aim of this work was designed to inspect the
neuroprotective properties of the methanolic extract of Oxalis cornicu-
lata (O. corniculata ME), compared to selenium against AlCls-induced
AD, via exploring their impact on Nrf2/HO-1, TLR4/NF-kf/NLRP3,
PERK/CHOP/Bcl-2, APOE4/LRP1 and Wnt 3/p-catenin/GSK-3p hubs,
the crucial contributors in the pathophysiology of AD. Although
O. corniculata is used traditionally as neuroprotective agent against wide
range of neurological disorders, no such rigorous studies have been
conducted yet. Besides, in this study, an in-depth phytochemical
profiling for O. corniculata entire aerial parts was performed using
ultraperformance liquid chromatography-electrospray ionization-quad-
rupole time-of-flight mass spectrometry (UPLC-ESI-QTOF-MS/MS).
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2. Materials and methods
2.1. Chemicals

Selenium (Se) and aluminum chloride (AICl3.6H20, CAS Number:
7784-13-6, Product No: 237,078) were procured from Sigma Chemical
Co. (St. Louis, MO, USA). Prior to usage, 20 mg AlCl3 was dissolved in 1
ml of distilled water and pH was set to be 7.4 via phosphate buffer saline
(PBS) (Abu-Elfotuh et al., 2021). The quality of the other chemicals was
of the highest grade.

2.2. Plant material

Oxalis corniculata Linn. Entire aerial parts were collected in January
2022 from the garden of Shooting Club, Dokki, Giza. The plant was
taxonomically approved by the plant list website (www.theplantlist.org)
and was authenticated by Dr. Trease Labeb, senior specialist of plant
taxonomy, Orman Garden, Giza, Egypt. A voucher specimen (OC-2022)
was kept at Pharmacognosy and Medicinal Plants Department, Faculty
of Pharmacy (Girls), Al-Azhar University.

2.3. Plant extraction and sample preparation

The plant aerial parts were air-dried in the shade and then crushed.
At room temperature, five hundred grams of dried powdered aerial parts
were profoundly extracted by using methanol. Under vacuum by a ro-
tary evaporator at 45 °C, methanol was totally evaporated to provide a
yield of 70 g m. For ultraperformance liquid chromatography-
electrospray ionization-quadrupole time-of-flight mass spectrometry
(UPLC-ESI-QTOF-MS/MS) analysis, the methanolic extract of Oxalis
corniculata (O. corniculata ME) was prepared by solubilizing 50 mg of
this dried powdered material in 1 ml of water, methanol, and acetoni-
trile (2:1:1) using vortexing for 2 min and ultrasonicating for 10 min.
The solution was centrifuged for 10 min at 10,000 rpm 50 pl of stock
solution was diluted to 1000 pl by reconstitution solvent. Finally, the
injected concentration was 2.5 pg/pl.

2.4. Phytochemical screening

Qualitative chemical tests were performed to identify various
phytochemical categories in the entire aerial parts of O. corniculata (Soni
and Sosa, 2013).

2.5. UPLC-ESI-QTOF- MS/MS analysis of O. corniculata ME

Exion LC system (USA) connected to an autosampler system supplied
with an in-line filter disks pre-column (0.5 pm x 3 mm, Phenomenex,
USA) and an X select HSS T3 C18 column (2.5 pm x 2.1 mm x 150 mm,
Waters Corporation, Milford, MA,USA) was used under the following
conditions: 40 °C, an injection volume 10 pl, gradient elution utilizing
the mobile phase, 5 mM ammonium formate containing 1% methanol
(pH = 8), and a flow rate of 300 pL/min. The MS/MS analysis was
performed using a Triple TOF™ 5600+ system outfitted with a Duo
Spray™ source operating in the ESI mode (AB SCIEX, Concord, Canada).
The top fifteen intense ions from each scan were chosen to get the MS/
MS fragmentation spectra. The target analytes were identified by
correlating the UPLC/MS/MS data with the reference database (ReSpect
negative, 1573 records) and the previously reported compounds
(Mohammed et al., 2021, Hegazy et al., 2021).

2.6. Animals and experimental design

Forty male Sprague-Dawley rats (300-320 g) were procured from
Nile Co., Cairo, Egypt and acclimatized for 1-week prior beginning of the
work. Under normal housing conditions (25+1 °C temperature and
humidity (50 + 5%) with 12-h dark and light periods) in stainless steel
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cages, the rats were housed at the animal house facility, Faculty of
Pharmacy (Girls), Al-Azhar University. Animals were fed rodent dietary
pellets and water was allowed ad libitum. Animal care and use com-
mittee of the Faculty of Pharmacy, Al-Azhar University, had approved
and supervised all experimental procedures [ethical approval number
(371/2023)]. All procedures and experiments were performed accord-
ing to ARRIVE criteria and the relevant guidelines of the Guide for Care
and Use Laboratory Animals, published by the National Institutes of
Health (NIH Publications No. 8023, revised 1978).

Animals were divided in a random manner into four equal groups (n
= 10) each subjected to treatment over five weeks. Group (1) served as
the normal control group and was injected with normal saline (1 ml/kg).
Group (2) animals were given AlCl3 (70 mg/kg i. p, daily) (Ali et al.,
2016) and served as the model for Alzheimer’s disease. Group (3) ani-
mals were given AlCl3 (70 mg/kg i. p, daily) + Se (1 mg/kg, p. o, daily).
Group (4) animals were given AlCl3 (70 mg/kg i. p, daily) +
O. corniculata ME (150 mg/kg, p. o, daily) (Kabach et al., 2023). The
animals’ behavioral tests were recorded 24 h after the last dose was
administered. Animals were then sacrificed by cervical translocation,
24 h after the behavioral tests were performed, under anesthesia with
ketamine (80 mg/kg, i. p.). The brains were detached, splashed with PBS
(pH 7.4) and used for histological examination, as well as tissue sam-
pling for performing biochemical analyses.

2.7. Evaluation of Behavioral Parameters

2.7.1. Y-maze spontaneous alternation (SAP) test

SAP can reveal cognitive deficits in a sort of short-term memory
called spatial working memory (Kumar et al., 2018). According to pre-
vious study (Sarter et al., 1988), a wooden, black-colored Y-shaped maze
possessing a triangular symmetric center and three arms labeled A, B, or
C was utilized. At the edge of one arm, animals were positioned and left
for 8 min to move along the maze. The number of entries was calculated
when the animal’s hind paws were entered completely to the inside of
the arm. SAP was measured depending on the count of alternations and
total arm entries by using this formula:

SAP (%) = [number of alternations/ (total arm entries - 2)] x 100.

2.7.2. Morris water maze (MWM) test

MWM is used for evaluation of memory retention and acquisition
(Morris, 1984). MWM is a water tank in a circular form (60 cm in height
and 150 cm in diameter) that was filled to its half with normal water.
White paint is added to water to enhance its opacity. The pool was
separated into equal four quadrants (north, south, east, and west). The
10 cm diameter escape platform was hidden 2 cm beneath the surface of
the water at a fixed place at the center of one of the quadrants. For 60 s,
the rats were left to discover the hidden platform and then allowed to
rest on it for 20 s prior to the start of the subsequent trial. If rats spent
more than 60 s prior to finding the platform, they were given a rest for
20 s by gently placing them on it. The time taken by the animals to find
the platform (escape latency) was noted. Clear water was used instead of
the opaque one, on the fourth day and a probe test was done through
letting the animals swim for 60 s, while removing the platform. The time
taken in the target quadrant was recorded.

2.8. Preparation of tissue samples

Immediately after rats being sacrificed, brain tissues were detached
and splashed by ice-cold saline. Four brains per group were kept in 10%
neutral buffered formalin to be used for histopathological examination.
The rest of the six brains in each group were quickly divided into two
equal portions, the first one was homogenized in ice-cold Tris-HCl 50
mM (10% w/v) and 300 mM sucrose (pH 7.4) to be centrifuged at 1800 g
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for 10 min at 4 °C to produce 10% homogenate (w/v), then the super-
natant was used for biochemical measurements. Whereas the second
portion was kept at —80 °C to be used in real time PCR analyses.

2.9. Biochemical analyses

2.9.1. Colorimetric analysis

Using colorimetric kits obtained from Biodiagnostic, Cairo, Egypt,
total antioxidant capacity (TAC), superoxide dismutase (SOD), and
malondialdehyde (MDA) were assessed at 510 nm, 560 nm and 534 nm
wavelengths, respectively in brain tissue homogenates.

2.9.2. Fluorometric assays

The levels of brain monoamines (dopamine (DA), norepinephrine
(NE), and serotonin (5-HT)) were evaluated by using fluorometric
analysis with kits from Sigma-Aldrich Co. (St Louis, MO, USA). The
fluorometric assay was done as previously described (Hamdan et al.,
2022). Monoamines were detected after oxidation into their “adreno-
chromes,” then further reorganized to their “adrenolutins” that were
identified fluorometrically at Aex/Aem 320/480 nm, 380/480 nm, and
355/470 nm for DA, NE, and 5-HT, for excitation and emission,
respectively.

2.9.3. Engyme-linked immunosorbent assay (ELISA)

ELISA technique was performed for estimating the concentration of
tumor necrosis factor- o (TNF-a) and interleukin-1p (IL-1p) using the
Quantikine® Rat TNF-o ELISA Kit (catalog No: RTA0O, R&D Systems,
MN USA) and Cusabio Life Science, Inc., China (catalog No: CSB-
E08055r), respectively. Moreover, ELISA kits from MyBioSource, Inc.,
San Diego, CA, USA were utilized to assess the concentration of amyloid
precursor protein (APP), AP, brain-derived neuroprotective factor
(BDNF), phosphorylated tau (pTau), acetylcholinestrase (AChE), p-cat-
enin, apoliprotein E4 (ApoE4), Beclin 1, §-secretase enzyme (BACE1), C/
EBP homologous protein (CHOP), protein kinase RNA-like endoplasmic
reticulum kinase (PERK), glucose-regulated protein 78 (GRP78) and low
density lipoprotein receptor-related protein 1 (LRP1) in brain tissues
according to the instructions of the manufacturer.

2.9.4. Real-time quantitative polymerase chain reaction (RT-qPCR)

Real-time quantitative polymerase chain reaction (RT-qPCR) was
used in order to assess the mRNA expression levels of nuclear factor
kappa-B (NF-xf3), B-cell lymphoma 2 protein (Bcl-2), B-cell lymphoma
protein 2 (Bcl-2)-associated X protein (Bax), caspase-1, nucleotide-
binding domain, leucine-rich-containing family, pyrin
domain-containing-3 (NLRP3), glycogen synthase kinase-3p (GSK3f),
Wnt3a, heme-oxygenase-1 (HO-1), nuclear factor erythroid 2-related
factor 2 (Nrf2), toll-like receptor- 4 (TLR4), and the housekeeping gene
(f-actin) in brain via Applied Biosystems step one plus instruments. By
Qiagen tissue extraction kit (Qiagen, USA), isolation of the total RNA
was done. By means of a sense rapid cDNA synthesis kit (CAT No. BIO-
65053), the collected mRNA was reverse transcripted. The relative
expression of target genes was got by using the following for-
mula:2—AACT (Livak and Schmittgen, 2001). The sequence of primer
sets is displayed in Table 1.

2.10. Histopathological evaluation

Brain of rats were removed and kept in 10% formalin then fixed in
paraffin blocks and sectioned at 4-pm thickness. Hematoxylin and eosin
(H & E) were used to stain the slides, which were then examined by a
light microscope and photomicrographs were taken at magnification of
40x (Bancroft and Gamble, 2008).

2.11. Statistical analysis

The data were represented as the mean + SE. The statistical
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Table 1
The sequence of primers.

Gene Primer pair sequence Accession number

NF-kp F:5-GGACAGCACCACCTACGATG-3 NM_001276711.1
R:5-CTGGATCACTTCAATGGCCTC-3

Bax F: 5-CACGTCTGCGGGGAGTCA-3' NM_017059
R: 5"-TAGGAAAGGAGGCCATCCCA-3'

Bcl-2 F: 5-CATCTCATGCCAAGGGGGAA-3' NM_016993
R: 5-TATCCCACTCGTAGCCCCTC- 3'

Caspase -1 F: 5-GAACAAAGAAGGTGGCGCAT-3' NM_012762
R: 5-GAGGTCAACATCAGCTCCGA-3'

NLRP3 F: 5-TGCATGCCGTATCTGGTTGT-3' NM_001191642
R: 5-ACCTCTTGCGAGGGTCTTTG-3'

GSK3p F: 5~AGCCTATATCCATTCCTTGG-3' NM_032080
R: 5-CCTCGGACCAGCTGCTTT-3'

wnt3a F: 5-TGCAAATGCCACGGACTATC-3' NM_001107005.2
R: 5~AGACTCTCGGTGTTTCTCTACC-3'

HO-1 F:5-CACCAGCCACACAGCACTAC-3' NM_012580
R:5-CACCCACCCCTCAAAAGACA-3'

Nrf-2 F:5-CTCTCTGGAGACGGCCATGACT-3' NM_031789
R:5-CTGGGCTGGGGACAGTGGTAGT-3'

TLR4 F: 5-TCAGCTTTGGTCAGTTGGCT-3' NM_019178
R:5-GTCCTTGACCCACTGCAAGA-3'

p-actin F: 5-CCGTAAAGACCTCTATGCCA- 3' NM_031144

R: 5-AAGAAAGGGTGTAAAACGCA- 3'

significance between the means of different groups were analyzed sta-
tistically by one-way analysis of variance (ANOVA) followed by Tukey’s
post hoc test for multiple comparisons. While two-way ANOVA was used
to assess the statistical analysis of the escape latency time for four days
in the MWM test. Graph Pad Prism (San Diego, CA, USA) software was
used to conduct statistical analyses and generate graphs (version 8.0.2).
The standard for least statistical significance was at P < 0.05.

3. Results
3.1. Phytochemical screening

Oxalis corniculata (O. corniculata) entire aerial parts were subjected
to a phytochemical screening, which revealed the existence of several
phytoconstituents including carbohydrates, glycosides, saponins, tan-
nins, and terpenoids, as well as trace amounts of alkaloids and no an-
thraquinones were detected.

3.2. UPLC-ESI-QTOF-MS/MS analysis of O. corniculata ME

Ultraperformance liquid chromatography-electrospray ionization-
quadrupole time-of-flight mass spectrometry (UPLC-ESI-QTOF-MS/MS)
is a sophisticated and sensitive technology that is used to detect sec-
ondary plant metabolites in complicated mixtures with high mass ac-
curacy, selectivity, and sensitivity. In this work, numerous
phytoconstituents were tentatively identified in the methanolic extract
of Oxalis corniculata (O. corniculata ME) using a negative ESI technique.
Metabolites were characterized based on their mass spectra and by
comparing them to the in-house database and reference literature.
Previous studies on O. corniculata showed the presence of flavonoids,
phenolics, and cinnamic acid derivatives besides essential oils. The high-
resolution, mass used in this study resulted in the tentative identification
of sixty-six compounds, comprising organic acids, phenolics and others
(fourteen), cinnamic acids and its derivatives (eight), fatty acids, ter-
penoids (seventeen) and flavonoids (twenty-seven), (Table 2, Fig. 1).

3.2.1. Cinnamic acid and its derivatives

Cinnamic acid and its derivatives (eight) were identified. Rosmarinic
and chlorogenic acids displayed a molecular ion peak [M-H] at m/z at
359 and 353 respectively with appearance of a common daughter ion at
m/z 179 consistent with caffeic acid, while coumaroyl quinic acid dis-
played a molecular ion peak [M-H]™ at m/z at 337 and daughter ions at
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Table 2
UPLC-ESI-QTOF-MS/MS analysis of O. corniculata ME (supplementary: Appendix 1).
Peak No. [M-H] - Precursor (m/z) A ppm Tentatively identified compounds RT (min.) Identified fragments (MS? ions)
Organic acids, phenolics and others (14)
1 C4HeOs 133.0137 4.1 Malic acid 0.96 133, 115,73
2 CoH;09 259.0087 0.9 Cinnamaldehyde 1.06 259, 153, 133, 78
3 CeH1206 179.0563 3.8 Glucose 1.11 179, 161, 75, 73
4 CeH1207 195.0515 2.9 Gluconic acid 1.13 195, 129, 75
5 C14H;1809 329.0901 —-4.3 Vanillic acid hexoside 1.19 329, 271, 167 (-162), 93
6 C12H22011 341.1091 3.7 Sucrose 1.3 161, 179, 89
7 C13H;1608 299.0767 1.9 Salicylic acid hexoside 1.39 299, 253, 193, 137, 93
8 CeHoOg 209.0301 4.3 Mucic acid 1.45 164, 125, 59
9 C13H;509 315.1068 -2 Vanillyl beta-D-glucopyranoside 2.33 315, 153, 109
10 C7HgO3 137.02442 2 Hydroxybenzoic acid 3.26 137, 93, 65
11 C;HeO4 153.0183 0.4 Dihydroxybenzoate (Protocatechuic acid) 4.15 153, 113, 85
12 C19H25019 415.1596 -0.7 Benzyl alcohol -O-hexosyl rhamnoside 4.54 415, 278, 210, 102
13 C18H25010 401.1429 —6 Benzyl alcohol-O-pentosyl-hexoside 4.87 401, 294, 188
14 C19H300s 385.1875 4.7 Hydroxy jasmonic acid hexoside 18.1 385, 223,153
Cinnamic acid and its derivatives (8)
15 Ci18H1809 377.0857 —-2.7 Caffeic acid derivative 1.26 341, 215, 179
16 Ci16H1500 353.08797 3.7 Chlorogenic acid 1.49 353, 294, 191, 179, 161, 85
17 CoHgO 147.04406 2.3 Cinnamic acid 1.9 147,103
18 C16H1803 337.09512 1.8 Coumaroyl quinic acid 2.87 337,191, 163, 143, 114
19 Cy5H200s 327.1079 1.4 Coumaric acid hexoside 3.79 258, 191, 147, 113
20 CogHo014 585.12620 4.88 1,3-Dicaffeoyl-5-malonyl-8-quinide 4 585, 522, 465, 375, 294, 256, 189
21 C18H1608 359.07717 —0.2 Rosmarinic acid 4.46 359, 313, 193, 179, 161, 123
22 Ca9Hg016 631.1304 1.6 1-0,5-0-Dicaffeoyl-3-O-(2-hydoroxysuccinyl) quinic acid 5.04 631, 563, 353
Flavonoids (27)
23 Cy7H30015 593.1511 1.7 Isovitexin hexoside 4.14 593,473,383,353
24 C21H24010 435.128 4.7 Phloretin hexoside (dihydrochalcone) 4.58 435, 345, 315 (—120), 297, 190, 151
25 Co7H29016 563.14130 3.1 Apigenin-O-pentosyl-hexoside 4.9 563, 443, 353
26 Cy1H18012 461.0718 0.8 Luteolin glucuronide 4.91 461, 285
27 Co7H34014 581.1846 -3.2 Naringin dihydrochalcone 5.19 581, 491, 461, 299, 269, 193
28 C21H158011 445.0766 2.7 Apigenin glucuronide 5.52 445, 269, 175, 113
29 Ca2H20012 475.0915 3.4 Chrysoeriol-7-O-glucuronide 5.82 475, 299, 284, 257, 188, 175, 113, 59
30 Co3H3012 491.1188 3.9 Tricin hexoside (dihydroxydimethoxy flavone hexoside) 6.03 491, 422, 354, 218, 152
31 C21H19012 463.0896 5.4 Quercetin hexoside 6.11 463, 400, 300, 254,188
32 C21H2209 417.1198 4.3 Isoliquiritin 6.16 417, 310, 294, 255
33 Co7H30015 593.1528 4.6 Luteolin hexosylrhamnoside 6.44 593, 400, 285
34 Co7H30014 577.1754 0.4 Vitexin rhamnoside 7.43 577, 508, 400, 269
35 CogH31015 607.1681 3.9 Diosmin 7.52 607, 299, 284
36 C1H20010 431.0972 1.2 Apigenin hexoside 7.55 431, 269
37 CooH33011 461.1091 2.7 Trihydroxy-7-methoxy-3-(a L-rhamnopyranosyloxy) flavone 7.7 461, 446, 400, 256, 175
38 Ci15H1004 253.0499 -2.9 Chrysin 8.25 253, 135, 117
39 C16H1205 283.0612 3.9 Acacetin (Dihydroxy methoxyflavone) 8.52 283, 268, 135
40 C16H1306 301.0696 -3.5 Hesperitin 8.10 301, 283, 269, 255, 224, 177, 167
41 CooH1901, 459.0928 1.3 Apigenin 7-O-methylglucuronide 9.17 269
42 C16H130s 285.0757 -0.2 Dihydroxymethoxyflavanone (methyl naringenin) 9.51 285, 149,133
43 C15H1005 269.0454 3.3 Apigenin 10.06 269, 225, 151, 149, 117
44 C30H20010 539.0982 1.7 Rhusflavone (biapigenin) 10.13 269
45 C16H1106 299.0562 4 Chrysoeriol (trihydroxymethoxyflavone) 10.39 299, 285, 256
46 C15HoOp 285.03936 2.9 Luteolin 10.50 285, 269, 133
47 Cy5H1204 255.0666 5.5 Isoliquiritigenin (3.4e4) 11.38 255,135,119
48 C16H1204 267.0659 2.7 Tectochrysin (methoxyhydroxy flavone) 11.85 267, 252 (—15), 223, 132
49 Cy17H160s5 299.0914 0 Hydroxy deimethoxy flavanone (4',7-Di-O-methylnaringenin) 12.57 299, 283, 269
Fatty acids, terpenoids and hydrocarbons (17)
50 CoH;18010 285.0818 0.6 2,3,4,4,5,6,7,8,9-Nonahydroxynonanal 1.27 285, 131, 113,70
51 C18H3003 293.21170 2 17-Hydroxylinolenic acid 12.74 293, 221, 181
52 C16H3203 271.2281 4.9 2-Hydroxypalmitic acid 14.31 271, 225
53 C18H3002 277.21780 4.7 Linolenic acid 17.12 277, 208, 102
54 C18H3406 345.2273 0.4 9,10-Dihydroxyoctadecanedioic acid) 17.77 345, 277, 208
55 Cy1H3504 351.2514 —4.5 Linolenoyl glycerol 26.65 351, 283
56 Ci18H3404 313.23740 0.2 Octadecanedioic acid 15.84 313, 294, 188, 75
57 Ci1gH3202 279.2330 4.1 Linoleic acid 19.48 279, 211, 103
58 Ca2H420-2 337.31057 1.5 Erucic acid 19.49 337, 269, 245, 185
59 C2oH3202 303.2339 -3.5 Arachidonic acid 20.02 303, 191, 113, 99
60 C15H3002 241.2172 4.1 Pentadecanoic acid 19.82 241, 155, 105
61 C18H3602 283.2634 0.9 Stearic acid 20.69 283, 268, 224, 135, 91
62 CoH;70, 157.1216 —4.5 Nonanoic acid 20.64 157, 126, 99, 91,60
63 Cy17H3202 267.2330 0.3 Methyl palmitoleate 20.85 267,113
64 C16H3102 255.2333 1.4 Palmitic acid 21.41 255,146
65 CaoH3402 305.2488 4.2 Ethyl linolenate 21.77 305, 113
66 C30Hyg03 455.3524 -0.4 Oleanolic acid 22.44 455
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Fig. 1. UPLC/MS base peak chromatogram of Oxalis corniculata ME. Detections in negative ionization mode showing major secondary metabolites.

m/z 191 and 143 besides other di-caffeoyl quinic acid derivatives. (Sik
et al., 2019; Bakr et al., 2016).

3.2.2. Flavonoids

O. corniculata ME exhibited different classes of flavonoid. Flavones
and flavonols constitute the vast majority of the flavan-based flavonoids.
Flavones appeared as the predominant class, represented by apigenin
with [M-H]™ at m/z 269 and daughter ion peaks at 225, 151, 117,
whereas peak at 117 is diagnostic of ring C cleavage at 1/3 (Liu et al.,
2010). Additionally, apigenin glucuronide was noted at [M-H]™ 445 and
major fragments at m/z 269 and 175. Apigenin methyl glucuronide was
also identified at m/z 459. Glycosides also appeared where apigenin
hexoside [M-H] at m/z 431, isovitexin hexoside [M-H] at m/z 593 with
characteristic fragment ions at m/z 473 [M-H-1201", 383 [M-H-120-907,
and 353 consistent with C-glycosidic bonds, and vitexin rhamnoside
[M-H] at m/z 577 (Zhang et al., 2010). Luteolin and its glycosides have
also been recognized, where the aglycone showed up at [M-H] at m/z
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285, which appeared as a major fragment in the identified glycoside
including luteolin glucuronide [M-H]™ at m/z 461 and luteolin hexosyl
rhamnoside at m/z 593. Many methoxylated flavones have been detec-
ted among them acacetin (methoxy apigenin) which has been tenta-
tively identified with [M-H] at m/z 283 and daughter ion peaks at m/z
269 [M-H-15] and 135 and chrysoeriol (methoxylated luteolin) distin-
guished at m/z 299 in addition to its glucuronide with [M-H]™ at m/z
475.

Flavanone has also been identified, where naringenin, isoliquiritin
and isoliquiritigenin and hesperitin have been identified. From the
common fragments in the flavanone chromatogram is [M-H-H2O] pro-
duced by dehydration of the flavanone molecule, where hesperitin at m/
z 301 showed a daughter ion peaks at m/z 283 [M-H-H,0]". Chalcones
observed included phloretin hexoside with [M-H] at m/z at 435 and
daughter ions at m/z 345 [M-H-90] and 315 [M-H-120]’, and naringin
dihydrochalcone at [M-H]™ at m/z 581 (Zhang et al., 2008).
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Fig. 2. Effect of O. corniculata ME and Se on Behavioral Parameters in AlCl3-induced AD in Rats. (A) SAP (%) in Y- Maze test, (B) Time spent (Sec) in target
quadrant, (C) Escape latency (Sec) for four days in the MWM test, (D) Escape latency (Sec) for mean total four days in the MWM test.  Significantly different from
control group at p < 0.05. ® Significantly different from AICl; group at p < 0.05. © Significantly different from AICl; + Se group at p < 0.05.
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3.2.3. Fatty acids, terpenoids and hydrocarbons

Fatty acids varying between unsaturated and saturated have been
identified showing typical loss of H,O [M - H-18] and/or loss of car-
boxylic moieties [M - H- 44]" (Han, 2016) including linoleic, linolenic,
arachidonic, and palmitic acids as well as their derivatives. Triterpenoid
compound (oleanolic acid) has also been identified (Table 2).

3.3. The effect of the methanolic extract of Oxalis corniculata linn
(O. corniculata ME) and selenium (Se) on Behavioral Parameters in
AlCls-induced AD in rats

3.3.1. Y-magze spontaneous alternation test

In Y-Maze spontaneous alternation, there was noticeable drop in SAP
% in AlClg-intoxicated rats in comparison to the control group (42.53%).
Nevertheless, this lessening was significantly improved by Se and
O. corniculata ME administration compared with the AD rats. However,
O. corniculata ME showed a significant improvement in cognitive deficits
in spatial working memory of AD rats (returned to the normal SAP% of
control group) compared to Se therapy, (Fig. 2A).

3.3.2. Morris water maze test (MWM)

The MWM test results showed that the AlCls-intoxicated rats elicited
a marked reduction and deterioration in their spatial learning as evi-
denced by the significantly higher mean escape latency (5.7 time) to find
the platform (Fig. 2C and D) and the decrease in the time expended in
the target quadrant (83.59%), over the span of four days, in comparison
to control group (Fig. 2 B). The learning and spatial memory deficits
resulted from AlCl3 were improved by Se and O. corniculata ME
administration, as demonstrated by the reduction of the mean escape
latency over the four days (50.78 and 64.91% respectively) and the
increment in the time spent in the target quadrant (3.1 and 4.23 times
respectively) compared to AICl3 control group. It is noteworthy that
O. corniculata ME treated group showed the best results in the escape
latency and the maximum time spent in the target quadrant in com-
parison to Se treated group.

3.4. The effect of O. corniculata ME and Se on antioxidant parameters;
TAC and SOD, Gene Expression of Oxidative Stress Markers Nrf2 and HO-
1 and neurotransmitters levels (DA, 5-HT, NE, and ACHE) in brain tissue
of AlCls-induced AD in rats

AlCl3 administration displayed a remarkable increase in oxidative
stress indicated by a remarkable decrease in endogenous antioxidants
represented as TAC by 75 % and a significant reduction of SOD levels by
86 % and rising MDA level by 18 folds in brain tissues when compared to
control. Moreover, brain monoamines (DA, 5-HT, and NE) were reduced
by 81%, 61%, 65% respectively, while ACHE level was increased by 231
% in AlCls-intoxicated group relative to the control group. Conversely,
Se administration along with AlCl3 exposure fixed the brain’s TAC and
SOD levels and exerted a marked reduction in brain MDA level when
compared to AlCl3 control group. Moreover, Se therapy improved the
levels of neurotransmitters and prevented the heightened levels of ACHE
caused by AlClj3 relative to AlClz-control group. Similarly, O. corniculata
ME significantly improved the level of endogenous antioxidants
observed through the rise of TAC as well as SOD activity coupled with a
marked decrease in MDA level in brain tissue when compared to the
group receiving AlCl;. The levels of DA, 5-HT, NE, and ACHE were
significantly ameliorated when compared to AlCls-intoxicated group,
(Table 3).

Nrf2 and HO-1 gene expressions were pronouncedly decreased in
rats treated with AlCl3 by 77% and 72%, respectively, when compared to
the normal control group (Fig. 3A and B). Conversely, Se reactivated
Nrf2/HO-1 signaling by upregulating mRNA expressions of Nrf2 and
HO-1 by 95 % and 97 %, respectively compared to the AlCl3 group thus
resulting in neuroprotective effects. Similarly, O. corniculata ME showed
neuroprotective results by exhibiting a marked rise in the mRNA

Journal of Ethnopharmacology 324 (2024) 117731

Table 3
The effect of O. corniculata ME and Se on antioxidant parameters and neuro-
transmitters levels in brain tissue of AlClz-induced AD in rats.

Parameters Groups
Control AlCl3 AlCl; + Se AlCl; +
O. corniculata ME

TAC (umol/g 46.45 + 11.63 + 27.77 + 33.03 + 069 ¢
tissue) 0.20 0.28 2 0.45 %

SOD (U/g 6.37 + 0.87 + 3.82 + 4.43 +0.06 2>
tissue) 0.17 0.01°2 0.05%°

MDA (nmol/g 5.97 + 105.20 + 59.82 + 42.77 + 1.45 ¢
tissue) 0.22 2.68 2 1.223

DA (ng/g 69.72 + 13.47 + 43.48 + 54.62 + 024 3¢
tissue) 0.47 0.35° 0.37%°

5-HT (ng/g 12,15 + 472 + 6.73+0.20  8.65 + 016 2
tissue) 0.18 0.09 2 ab

NE (nmol/g 738.90 + 261.00 + 443.20 + 537.3 + 8.09 ¢
tissue) 0.63 3.00° 5.21

ACHE (ng/g 10.97 + 36.32 + 19.02 + 16.18 + 0.41
tissue) 0.31 0.38 2 0.41 %

Data were expressed as means + SE (n = 6). ? Significantly different from control
group at p < 0.05. ° Significantly different from AICl; group at p < 0.05.°
Significantly different from AICl; + Se group at p < 0.05.

expressions of Nrf2 and HO-1 by 0.95 and 1.57 times respectively
compared to the AlICl3 treated group. However, O. corniculata ME also
had a notable better effect on the antioxidant biomarkers compared to
that of Se.

3.5. The effect of O. corniculata ME and Se on Neuroinflammatory
Biomarkers: NF-kB, TLR4, NLRP3, Caspase-1, TNF-a and IL-1p in the
brain tissue of AlCls-induced AD in rats

The mRNA expression of the inflammatory markers NF-kB and TLR4
were upregulated 6 and 8 times, respectively, in AD rats compared to
control group. In parallel, IL-1p and TNF-a contents were both signifi-
cantly elevated by 5 folds. Se administration notably inhibited the in-
flammatory surge produced by AlCls in rats. The mRNA expression of
TLR4 was abridged by 47% after administration of Se. Moreover, Se
produced a remarkable decline in IL-1f and TNF-a contents by 52% and
48%, respectively, with concurrent reduction in NF-kB gene expression
by 40%, when compared to AD group.

O. corniculata ME also resulted in a remarkable decline in the level of
IL-1p amounting to 69% as well as a notable lower level of TNF-a equal
to 63%. The latter was coupled with a considerable decrease in NF-kB
and TLR4 gene expressions by 57% and 55%, respectively. The gene
expression of NLRP3 and caspase-1 were both markedly increased in the
AlCls-intoxicated group relative to the control group by 9 folds. Se
therapy decreased the expression of NLRP3 inflammasome, by 21%. By
the same token, caspase-1 gene expression exhibited a remarkable
decrement by 55% in comparison to the AlCls-intoxicated group.
O. corniculata ME also alleviated the effects of AlCl3 by downregulating
the gene expression of NLRP3 and caspase-1 by 48% and 62%, respec-
tively. Additionally, O. corniculata ME showed a significant effect in the
restoration of the inflammasome activation biomarkers compared to the
effect of Se. As presented in (Fig. 4A-F). O. corniculata ME showed
maximum restoring activity in the inflammatory biomarkers in com-
parison to Se treatment.

3.6. The effect of O. corniculata ME and Se on Apoptosis Biomarker;
bax/bcl-2, autophagy initiating protein, beclin 1 and the cognitive
biomarker; BDNF in brain tissue of AlCls-induced AD in rats

AlCls-intoxicated rats experienced a notable increase in the expres-
sion of the Bax gene by about 4.42 times as compared to the control
group. Compared to AD rats, the latter effect was enhanced by the
administration of Se, which considerably lowered the high Bax level by
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Fig. 3. Effect of O. corniculata ME and Se Modulation on the Gene Expression of Oxidative Stress Markers, Nrf2 and HO-1 in Brain Tissue of AlCl3-induced
AD in Rats. Relative gene expression of (A) Nrf2 and (B) HO-1. ? Significantly different from control group at p < 0.05. ® Significantly different from AlCl group at p

< 0.05. € Significantly different from AlCl; + Se group at p < 0.05.

25%. On the other hand, O. corniculata ME elicited a prominent decline
in Bax mRNA expression by about 42% compared to AD rats. Bcl-2 gene
expression level was significantly lower in rats receiving AlCls by 84%
than in control rats, but after receiving Se, Bcl-2 gene expression levels
notably increased by 368% compared to AD rats. Also, the group of rats
administered O. corniculata ME showed a noticeable increase in Bcl-2
gene expression by 409% compared to AD rats (Fig. 5A and B).

The level of the autophagy regulating protein, Beclin 1 was found to
be markedly reduced in AD rats by 98% when compared to control.
Upon administration of Se the level of Beclinl was dramatically
increased by 43 folds while the administration of O. corniculata ME
caused a significant rise in the protein level by about 31 folds compared
to AD rats (Fig. 5C).

Meanwhile, the cognitive biomarker BDNF was markedly diminished
by 70% in AD group in comparison to the control group. Contrarily, Se
administration considerably increased the BNDF protein level, by about
131%. In the meantime, O. corniculata ME showed a marked increase in
BNDF level by 180% relative to AD rats (Fig. 5D). It was noted that
O. corniculata ME had a significantly ameliorating effect on apoptosis
and autophagy biomarkers when compared to AD rats receiving Se
therapy. On the other hand, Se therapy showed a better effect level of the
cognitive protein, BNDF.

3.7. Effect of O. corniculata ME and Se on potential AD biomarkers
(BACE1, Ap Generation, APP, and p-tau levels) in brain tissue of AlCls-
induced AD in rats

AD rats exhibited a remarkable increase in BACE1 activity and APP
level by about 10 and 20-folds, respectively (Fig. 6 A, B), which
sequentially raised the level of Ap by 17 folds relative to control group
(Fig. 6 C). Furthermore, the level of p-Tau showed a marked increase by
31-folds. (Fig. 6 D). On the other hand, Se administration hindered Ap
generation and Tau hyperphosphorylation. BACE1 level was signifi-
cantly decreased by about 40%, likewise APP, Ap and p-Tau levels were
lessened by 66%, 48% and 42%, respectively relative to AD group. In the
same manner, O. corniculata ME treatment showed significantly lower
levels of BACE1, A, APP and p-Tau by 56%, 61%, 80% and 67%,
respectively compared to AD rats. O. corniculata ME displayed a signif-
icantly superior ameliorating activity in restoring AD biomarkers
compared to the effects of Se.

3.8. Effect of O. corniculata ME and Se on potential modulation of the
neuronal receptor; LRP1 and pathophysiology biomarker; ApoE4 in brain
tissue of AlCls-induced AD in rats

AlCl3 treatment resulted in an aggravated decrease in the level of
LRP1 protein expression by 69% and a significant rise in the protein
expression of APoE4 by 17 folds when compared to control, as shown in
(Fig. 7 A, B). The administration of Se therapy and O. corniculata ME
resulted in a marked improvement in LRP1 protein expression of 1.19
and 1.97 times, respectively, when compared to rats receiving AlCls
alone. Likewise, a significant improvement in APoE4 protein expression
was observed upon administration of Se by 62% and O. corniculata ME
by 72%. O. corniculata ME achieved the maximum effects in restoring
the AD pathophysiology biomarker and the modulation of the neuronal
receptor LRP1 compared to the effects of Se.

3.9. Effect of O. corniculata ME and Se on wnt3a/p-catenin/GSK3f
pathway in brain tissue of AlCls-induced AD in rats

AlCl; exerted pronounced reduction of both Wnt3a and p-Catenin by
86 % and 94%, respectively in comparison to control group. Meanwhile,
GSK3p expression was markedly elevated by 10 folds in AlClz-intoxi-
cated rats in comparison to control group. However, these changes were
changed remarkably upon the administration of Se and O. corniculata
ME compared with the AlCls-intoxicated group. Se and O. corniculata ME
demonstrated a significant improvement in restoring the Wnt3a/f-Cat-
enin/GSK3p signaling pathway where Se administration caused a
notable rise in both Wnt 3 and p-Catenin by 3 and 8 folds, respectively
while GSK3p gene expression showed a significant decrease by 38% in
comparison to AlCls-control rats. By the same token, O. corniculata ME
administration resulted in a significant increase in Wnt3a and f-Catenin
by around 5 and 8 folds, respectively and a notable reduction in GSK3
gene expression by 49 % relative to the group receiving AlCls (Fig. 8 A-
C). O. corniculata ME possesses the maximum effects for restoring of the
Wnt3a/p-catenin/GSK3p signaling pathway relative to that of Se.

3.10. The effect of O. corniculata ME and Se on activation of ER stress-
induced Cell Death Protein; CHOP and UPR genes; PERK and GRP78 in
brain tissue of AlClz-induced AD in rats

The level of CHOP protein was dramatically elevated by 62 folds in
the AD rats when compared to control rats. By the same token both PERK
and GRP78 levels were significantly increased by 61 and 346 folds,
respectively. While Se administration resulted in a notable decrease in



K. Abu-Elfotuh et al.

Journal of Ethnopharmacology 324 (2024) 117731

a c a
E 8- S 107
[72]
? @ gl
O 6 <
S ab S
Q % — abc 3 > 6 ab abc
Lo 4 a9 e
c c —
Z 5 - o 41 —
o o
o 2 ]
= 2 7
e R~
(1] | I © l I
° o T T o o T T
(- (-
€ S R N K
® o & < v > &
N N © N
¥ &
& &
& &8
xo. xO'
o\“: o\‘b
C ® D ®
a a
[ = [ =
s 1 ab S 10
7] 7]
o 8 o 8
S L s
© X gl abc - X ol
oo o o ab abc
Ee 28
z 5 4 0o 4
o o
S 2 S 2
s I g
o 0 r : [CR T T
1 S
> A & > A\ @ 4
S R N
° A\ & ° N\ &
O R © R
o Q\C’ r Q\C’
R R
C:o (Jo
E xo. xo‘
o F o
. 200~ ¥ 150~ a¥V
g a
(72
8 1501 @
E=] = "
=4 - 100 .
E 1004 ab - N
2 abc 4 o e aDC
= 2 50
$ 50 o
L I_I
|_ c T 1 c T T
> ) > ]
({éo Y}(’\’h xg 0@@ ({éo v}c"\".s x% o@@
) o o o
v L ¥ ¥
N\ &
f &8
xo' XOO
CJ\AJ CJ\“J
W W

Fig. 4. Effect of O. corniculata ME and Se on Neuroinflammatory Biomarkers: NF-kB, TLR4, NLRP3, Caspase-1, TNF-o and IL-1f in the Brain Tissue of AlCl3-
induced AD in Rats. Relative gene expression of (A) NF-KB, (B) TLR4, (C) NLPR3 and (D) Caspase-1 along with (E) TNF-«a level and (F) IL-1f level. ® Significantly
different from control group at p < 0.05. ° Significantly different from AlCl; group at p < 0.05. € Significantly different from AICl3+ Se group at p < 0.05.

CHOP level by 52% also a marked decrease in PERK and GRP78 by 44 %
and 25 %, respectively compared to AD rats. Similarly, O. corniculata ME
showed a significant amelioration in levels of CHOP, PERK and GRP78
by 62%,53% and 50 %, respectively. The previous results indicated that
O. corniculata ME exhibited a significantly improvement in ER stress
induced cell death pathway compared to Se (Fig. 9 A-C).

3.11. Histopathological evaluation of brain tissues

The brain tissues of the untreated group displayed normal architec-
ture without any abnormal histological changes. Whereas the AlCl3
group, most of neuronal cells of the cerebral cortex, as well as the

subiculum and fascia dentate of the hippocampus, exhibited nuclear
pyknosis and degeneration. In addition, in the striatum, large size
eosinophilic plaques were formed coupled with neuronal loss. Se
administration exhibited nuclear pyknosis and fewer neuronal loss in
the cortex and hippocampus while no histopathological changes were
observed in the striatum. The histological alterations were greatly
improved upon the administration of O. corniculata ME showing
remarkable results where histoarchitectural changes were minor
particularly the cortex and hippocampus except for small size focal
eosinophilic plaques with neuronal loss were seen in the striatum
(Fig. 10 A-P).



K. Abu-Elfotuh et al.

c a
S
(3
@ ab
S
o 4 = abc
X
ﬁ [}
m &
S 2
(<]
=
= I_l
E
® 0 T 7
3 N p
(]
€SS
S &
® S
&
00
o
N
9
Cc v
15+
E
S 104 ab abc
.
- —_—
£
© 51
Q
o a —]
0 7 T
<
¢ O N
N v A 2
9 O G
S R
{\\0
O‘
(9
o
N
¢
S

Journal of Ethnopharmacology 324 (2024) 117731

S 159
)
0
(<]
s
x 107 ab abc
N O
oo e
[~
8 s
o a
2
=
3 [ |
o 00 T T
> 3 2
&° v‘o\n’ <2 N
< o &
QN >
v &
)
<‘O
o
N
D S
150
E abc
2 ab
& 1004
=
Ky
=} a
W 504
z
[a]
[11]
0 r T
AN
¢ &
N ® @
® O N
A &
S
o
[¢)
o
N
@)
v}

Fig. 5. Effect of O. corniculata ME and Se on Apoptosis Biomarker; Bax/Bcl-2, Autophagy Initiating Protein Beclin 1 and the Cognitive Biomarker; BDNF in
Brain Tissue of AlCl;-induced AD in Rats. Relative gene expression of (A) Bax and (B) Bcl-2, together with (C) Beclinl level and (D) BDNF level. ? Significantly
different from control group at p < 0.05. ® Significantly different from AlCls group at p < 0.05. ¢ Significantly different from AlCls + Se group.

4. Discussion

The present work investigated and compared the beneficial actions
of the methanolic extract of Oxalis corniculata (O. corniculata ME) and
the micronutrient selenium (Se) against AlCls-induced AD, through
exploring their effect on interrelated axes, namely, Nrf2/HO-1, TLR4/
NLRP3, APOE4/LRP1, Wnt 3/p-catenin/GSK-3f and PERK axes.

In this study Se has been used as a positive control to compare its
neuroprotective effect to O. cornilculata ME extract. Se has been proven
to be an antioxidant, and its deficiency can compromise brain functions.
Previous studies suggested that Se can enhance the neurotoxic effect of
various compounds such as arsenic and lead (Khalil et al., 2022). Se also
has a pivotal role in preserving neurological activity such as locomotor
activity, coordination, memory, cognition, and signal transmission. The
neuroprotective effects of Se are elucidated by its physicochemical
properties, its capability to modulate oxidative stress, regulate Ca2+
influx through ion channels, and inhibit apoptosis. Protective mecha-
nism also involves proteins of the Bcl-2 family, the processes of resto-
ration of calcium homeostasis, inhibition of mitochondrial and ER stress
pathways, and leading to ultimately to inactivation of caspase-3 and
inhibition of apoptosis (Turovsky et al., 2022).

In most neurodegenerative brain tissue disorders, including AD,
downregulation of Nrf2 occurred leading to induction of oxidative
damaging cascade (Villavicencio Tejo and Quintanilla, 2021). In the
current study AlCl3 administration induced AD, which in turn was
coupled with a noticeable enhancement in oxidative stress through
hindering Nrf2/HO-1 cue, which is associated with a reduction in TAC
and SOD activity and elevation in MDA level in brain tissue. Raising the
endogenous defense against free radicals is part of the effective ap-
proaches that can halt oxidative stress-mediated neuronal damage
(Ramesh and Govindaraju, 2022). Phytochemicals are attractive
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therapeutics for the amelioration of AD owing to their actions in
impeding oxidative stress and neuroinflammation (Sharifi-Rad et al.,
2022a,b).

Liquid chromatography coupled to tandem mass spectrometry
(LC-MS/MS) is a crucial technique for characterizing the polyphenol-
rich extracts with low noise and high sensitivity (Lopez-Fernandez
et al., 2020). Polyphenols can be classified into five main categories,
including phenolic acids, stilbenes, flavonoids, lignans, and others
(Galanakis, 2018). In this study, sixty-six compounds were characterized
based on their mass spectra and by comparing to the in-house database
and reference literature. Phenolics have immense potential against
oxidative stress and represent almost one-third of the aromatic com-
pounds in the human diet (Hollman, 2001). Phenolic and cinnamic acids
derivatives have been tentatively identified in O. corniculata ME. A class
of esters that developed between a quinic acid and certain
trans-cinnamic acids, most frequently caffeic, p-coumaric, and ferulic
acid is known as chlorogenic acids (CGAs) (Clifford et al., 2006). Herein,
we reported the tentative identification of rosmarinic, chlorogenic and
caffeoyl quinic acids in addition to others. The conjugation with a
hexose (galactose or glucose), pentose (arabinose or xylose), deoxy-
hexose (thamnose) and glucuronic acid units is indicated by the neutral
loss of 162, 132, 146, 176 mass units, respectively. Meanwhile, the
neutral loss of 120 atomic mass unit (amu) (0,2 cross-ring cleavage) and
90 amu (0,3 cross-ring cleavage) denoted the conjugation with of
C-glycosylation (Cuyckens and Claeys, 2004). Whereas twenty-seven
flavonoid structures have been tentatively identified within different
classes including flavanone, chalcone, and flavone where flavone and its
glycosides represent the main detected compounds (apigenin, apigenin
glucuronide, apigenin methyl glucuronide, apigenin hexoside, isovitexin
hexoside, vitexin rhamnoside, luteolin, luteolin glucuronide and luteolin
hexosylrhamnoside). Besides, many methoxylated flavone have been
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Fig. 6. Effect of O. corniculata ME and Se on potential AD Biomarkers (BACE1, APP, Ap Generation, and p-Tau Levels) in Brain Tissue of AlClz-induced AD
in Rats. (A) BACE1 level, (B) Brain APP level, (G) p-amyloid level, (D) Brain P-Tau level. ® Significantly different from control group at p < 0.05. ® Significantly
different from AlCl3 group at p < 0.05. © Significantly different from AlCl; + Se group.
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Fig. 7. Effect of O. corniculata ME and Se Modulation of the Neuronal Receptor; LRP1 and Pathophysiology Biomarker; ApoE4 in Brain tissue of AlCl3-
induced AD in Rats. (A)LRP-1 level and (B) ApoE4 level. ® Significantly different from control group at p < 0.05. ® Significantly different from AlCls group at p <

0.05. © Significantly different from AlCl3 + Se group at p < 0.05.

tentatively identified such as acacetin (methoxy apigenin) and chrys-
oeriol (methoxylated luteolin).

Based on the results of phytochemical and biochemical analyses, the
administration of O. corniculata ME reduced the AlCl3-stimulated
oxidative stress via enhancing Nrf2/HO-1 cue, thereby producing a
neuroprotective action endorsed through the amplified monoamine
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levels, declined AChE, and amended behavioral and cognitive activities.
The previous was confirmed by abridged SAP% in Y-Maze test and
enhanced learning and spatial memory in MWM test. In a study per-
formed by Gao et al., Oxalis corniculata was established to possess po-
tential antioxidant activity as evidenced by hastening the antioxidant
enzymes and dampening the MDA (H. Gao et al., 2022). Apigenin, a
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Fig. 9. Effect of O. corniculata ME and Se on Activation of ER Stress-induced Cell Death Protein; CHOP and UPR Genes; PERK and GRP78 in Brain Tissue of
AlCl;-induced AD in Rats. (A) CHOP level, (B) PERK level, (C) GRP78 level. ? Significantly different from control group at p < 0.05. ° Significantly different from
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bioactive flavonoid possessing a wide of biological activities, was found
in Oxalis corniculate ME. In a recent study apigenin administration led to
a marked reduction in MDA level and a rise in SOD activity as well as
restoration of DA in LPS-induced Parkinson’s disease in rats (Patel and
Singh, 2022). The polyphenol chlorogenic acid also significantly
reduced the level of MDA and prevented the decrease in SOD activity in
renal tissue (Bao et al., 2018) and in liver tissue (Shi et al., 2018). The
latter conforms to our findings. Another study demonstrated that
O. corniculata ME contains biologically active phytoconstituents such as
phenols, flavonoids, alkaloids, tannins, triterpenes, sterols, and volatile
oils. The ethanolic extract showed inhibitory activities against cholin-
esterase enzyme which may indicate anti-Alzheimer’s disease ability
(Imran et al., 2020). In the current study, the methanolic extract of
O. corniculata yielded the bioactive flavonoid isovitexin which exhibited
an amelioration in MWM test results in a dose-dependent manner in
anesthetic-induce cognitive impairment in rats (Guo et al., 2022) which
agrees with our current findings where O. corniculata ME enhanced rats
performance in MWM test as previously mentioned.

As a result of the alteration of Nrf2/HO-1 pathway and oxidative
stress conditions triggered by AlCls administration, the inflammatory
surge was generated by elevating NF-kp expression level, thus raising the
expression levels of proinflammatory mediators, such as TNF-a and IL-
1B, resulting in neuroinflammation in AD (Hamdan et al., 2022; [saev
et al,, 2023). Additionally, the release of IL-1p contributes to tau
hyperphosphorylation. As mentioned in previous studies, tau is the
biomarker for neurofibrillary tangles (NFT) in AD and results in
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modifying the stability of the microtubule and axonal transport. When
the conformation of tau is modified, this leads to harmful aggregations.
Hence, the halting of the accumulation of tau became an attractive
approach to halt AD progression (Breijyeh and Karaman, 2020). More-
over, inflammation activates TLR4/NLRP3 axis, resulting in neuro-
inflammation, the aggregation of Ap and neurodegeneration (Yang et al.,
2020). This finding lends support to ours, since AlCl3 stimulated
TLR4/NLRP3 axis. The initiation of TLR4 interacts with NLRP3
inflammasomes which in turn leads to the activation of caspase-1,
releasing IL-1f, which sustains neuroinflammation (Yu et al., 2021). In
addition, numerous findings have reported that NLRP3 is closely linked
to autophagy (Stancu et al., 2022). The latter is followed by an elevation
in the expression level of NF-kf and its associated inflammatory bio-
markers, such as TNF-a and IL-1f levels in AD brain relative to normal
control rats, which also conforms to previous findings (Hamdan et al.,
2022). All the previous data signifies that the TLR4/NLRP3 axis pos-
sesses a major part in the pathophysiology of AD. Contrariwise, TLR4
repression can improve learning and memory functions, reduce Ap
accumulation, and control neuronal cell death, consequently eliciting
neuroprotection against AD, as mentioned in a study performed by Cui
et al. (2020). Ample evidence had documented that phytochemicals can
preserve neurons against neurological injuries resulting from the
elevated NLRP3 inflammasome via hindering TLR4 signaling hub
(Hamdan et al., 2022; Ozenver and Efferth, 2021; Spano et al., 2022).
These previous data endorse our findings, which showed that
O. corniculata ME has notably suppressed the inflammatory and
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Fig. 10. Representative histological section of cerebral tissue specimens stained by H & E (X40). Photomicrographs (A-P): Transverse brain tissue sections
from the control group showing no histopathological alteration in the cerebral cortex, hippocampus (Subiculum, Fascia dentata) and striatum.

apoptotic pathways, which were elevated by AlCl3 as evidenced by a
reduction in TLR4 and NLRP3 expressions when compared with the AD
group, showing also better inhibitory effects when compared to rats
receiving Se as protective therapy. Moreover, O. corniculata ME therapy
led to a marked reduction in inflammatory cytokines supported by
lessening of IL-1f and TNF-a contents and NF-kf expression. The latter
effect might be attributed to the presence of apigenin and acacetin
polyphenols in O. corniculata ME. Apigenin flavonoid was reported to
decrease NF-kp and TNF-a release in primary human monocytes and to
reduce the expression of IL-1 (Li et al.,2017) as well as the level of TLR4
(Ginwala et al., 2019). Moreover, apigenin has been reported to reduce
the expression of Nrf2 in LPS-induced Parkinson’s disease (Patel and
Singh, 2022). By the same token, Acacetin was found to reduce NF-kf in
sepsis-induced acute lung injury model in mice (Sun et al., 2018).
Moreover, Acacetin reduced TAC and nitric oxide production in hepa-
titis following a renal ischemia/reperfusion model in mice (Jalili et al.,
2021). It was also reported by Mancuso et al. (2019) that apigenin and
acacetin could inhibit the activation of proinflammatory cytokines and
nitric oxide (NO) production, protecting neurons from
inflammatory-induced damage in AD. In addition, the flavone isovitexin
was reported to reduce NF-kp which in turn deactivates the inflamma-
some NLRP3 expression as well as IL-1p, TNF-a, caspase-1 and TLR4 in
LPS-induced renal injury (Tseng et al., 2023). Another compound iso-
lated from O. corniculata ME is chrysoeriol which was found to reduce
neuroinflammation by modulating the expressions of NF-kp, TNF-a,
IL-1p (Yu et al., 2023). Chlorogenic acid, one of the most plentiful
polyphenols isolated from O. corniculata ME, possessing known antiox-
idant and anti-inflammatory features (Jiang et al., 2016). Chlorogenic
acid was reported to reduce renal oxidative stress and inflammation in
diabetic nephropathy model in rats via activation of Nrf2/HO-1 coupled
with its inhibition of NF-kB, as the latter events reinforce each other
(Bao et al., 2018). Chlorogenic acid also reduced protein expression of
NLRP3, Caspase-1, and IL-1p in acute liver injury in rats (Shi et al.,
2018). In another study performed to test the beneficial effects of
chlorogenic acid on the depreciation of inflammation and apoptosis
cause by ER stress in rat testes, the polyphenolic compound decreased
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the expression of TNFa, Bax/Bcl 2 ratio and NF-kp level (Komei-
li-Movahhed et al., 2023).

Another pathway connected to AD progression is the ApoE4/LRP1
axis. Apolipoprotein E4 (ApoE4) is the strongest predictor for late-onset
AD (Na et al., 2023) and its inhibition immensely reduces neuro-
inflammation and improves tauopathy. Therefore, ApoE4 depletion is a
promising way for the management of AD (X. Li et al., 2022; Y. Li et al.,
2022). Key physiological functions of ApoE4 are mediated by LRP1
which acts as a scavenger of damaging waste products from the brain,
especially amyloid beta (Ap). Hence, LRP1 is becoming an increasingly
important object of research as well (Bari¢, 2022) since the reduction in
LRP1 levels had been documented in AD etiopathology (Li et al., 2020;
Shinohara et al., 2017). However, ApoE4 competes and has a higher
binding affinity for LRP1 at the glial cells and neuronal surface, halting
AP clearance resulting in its accumulation, which promotes the forma-
tion of senile plaques (Pires and Rego, 2023; Zhang et al., 2019). In the
current study, AlCls treatment increased ApoE4 level while LRP1 level
was reduced relative to the untreated group (i.e., control group), which
confirms the notion that long time exposure to aluminum is able
aggravate AD prognosis via stimulation of ApoE4/LRP1. Nevertheless,
O. corniculata ME administration intervenes with the effect of AlCl3 in
changing ApoE4 and LRP1 expressions. Mountaki et al. (2021) studied
the effect of phytochemicals on AD-related functions of ApoE4 forms
and found that polar phenols can alter the arrangement of ApoE4 and
halt the deleterious actions of ApoE4 on AD progression (Mountaki
et al., 2021).

Research investigating the effect of the major isolated compounds
from O. corniculata ME, such apigenin, acacetin, luteolin, chlorogenic
acid, isovitexin and chrysoeriol on ApoE4/LRP1 axis are scarce. How-
ever, a study performed by Zhang et al. (2023), reported that luteolin
has a strong binding affinity to LRP1 and that the therapeutic effects of
luteolin were regulated by LRP1 which in turn mitigates the expression
of inflammation-related protein matrix metallopeptidase-9 (MMP9) in
autism spectrum disorder patients (Zhang et al., 2023).

Additionally, alteration of Wnt 3/p-catenin/GSK-3f pathway is
related to the pathophysiology of neurodegenerative diseases (Liu et al.,
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2019). GSK-3p disruption is linked to AD’s etiology and AB-induced
neurotoxicity since it is involved in Tau phosphorylation (You et al.,
2022). Consequently, it is considered beneficial to inhibit GSK-3f to
prevent neurodegeneration and AD (Lee et al., 2022). Interestingly,
O. corniculata ME repaired the decrement of Wnt3a, and p-catenin pro-
duced via AlCl3. On the other hand, GSK-3f was markedly prohibited
due to O. corniculata ME therapy. Thereby, the elevation of
Wnt3/p-catenin cue suppresses the production of Ap production and the
hyperphosphorylation of tau protein (Jia et al., 2019; J. Liu et al., 2022),
in addition to enhancing BDNF level, pivotal in controlling neuronal
plasticity and mending learning and memory functions by improving
central cholinergic neurotransmission and hence guards against a vari-
ety of neurodegenerative ailments through augmenting endogenous
antioxidant systems (Abbas et al., 2022). Luteolin found in O. corniculata
ME was reported to induce the down-regulation of TNF-a expression,
along with interleukins and chemokines, in addition to reducing
oxidative stress by scavenging ROS and regulating transcription factors
such as CREB, NF-Kp and B-catenin (Ali and Siddique, 2019). In a study
performed on AD rat model, apigenin significantly attenuated the
hyperphosphorylation of tau in the brain moreover RT-PCR Real-time
PCR showed notable reduction of BACE1 and GSK-3f (Alsadat et al.,
2021) which agrees with our findings.

It was previously suggested that autophagy impairment is linked to
the pathophysiology of neurodegenerative diseases, including AD.
Atypical protein accumulation give rise to synaptic dysfunction and
neuronal degeneration, clearing such anomalous protein accumulation
is vital aim for the amelioration of these maladies. Autophagy is
necessary to clear the protein aggregations in neurons and hence hinders
apoptosis (L. Liu et al., 2022). Beclin-1 is a well-known autophagy
inducer that controls the initiation of autophagosome formation (Pang
et al., 2022). The present study showed that O. corniculata ME treatment
promoted autophagy by increasing the level of beclin-1 which may be
due to its apigenin content. Recently, apigenin was reported to aid
autophagy by up-regulating beclin-1 (Liang et al., 2023). Another sig-
nificant compound isovitexin showed improvement in a
sevoflurane-induced cognitive dysfunction model in rats via modulating
autophagy in brain through enhancing of Beclin-1 (Guo et al., 2022).

AlCl; administration generated apoptosis as evidenced by the
reduction of anti-apoptotic Bcl-2 and the elevation in the apoptotic Bax
expression hence elevating Bax/Bcl-2 ratio. Apoptosis is a leading
pathway of cell death during AD (Naseri et al., 2022). Besides, our
findings pointed to that O. corniculata ME slowed apoptosis by upregu-
lation of Bcl-2 expression level and downregulation of the Bax expres-
sion level and reversing the Bax/Bcl-2 ratio in AlCl3 treated rats.

It is important to note that autophagy and apoptosis are two diverse
procedures. Autophagy can create an advantageous environment for
cells’ survival. Also, autophagy hinders endoplasmic reticulum (ER)
stress by degrading misfolded protein accumulations and hence prevents
the upregulation of the UPR (Unfolded Protein Response) (Pang et al.,
2022). In ER, the UPR is a quality control machinery, where the cell tries
to preserve homeostasis (Hughes and Mallucci, 2019). Failure in main-
taining homeostasis activates apoptosis (Andreone et al., 2020). As
previously mentioned, AD had been associated to increasing the level of
phosphorylated Tau protein (pTau), resulting in accumulation of
neurofibrillary tangles (NFT) inside the neuronal cells, and accumula-
tion of plaques outside the neuronal via accumulation of A peptides,
due to chromosomal alterations in the amyloid precursor protein (APP)
(Guo et al., 2020; Sasaguri et al., 2022). The latter were shown to inhibit
ER-associated degradation pathway (ERAD) and the proteasome ma-
chinery (Shacham et al., 2021) thus encouraging ER stress and stimu-
lating UPR (Montibeller and De Belleroche, 2018). PERK, and beta-site
APP cleaving enzyme 1 (BACE1) have been found to be upregulated in
AD. The PERK axis presents a crucial part in the integrated stress
response which conserves intracellular signaling network (Shacham
et al., 2021). The sustained PERK stimulation in AD was reported to
negatively impact memory and enhance neurodegeneration (Ohno,
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2018).

Under prolonged ER stress, AD brain showed upregulation in the
expression of the pro-apoptotic gene CHOP as well as increased levels of
GRP78 and PERK inducing UPR, which in turn precipitates oxidative
stress induction which further leads to A accumulation resulting in
neuronal death (Casas, 2017; T. Gao et al., 2022; Lee et al., 2010; Y. Li
et al., 2022).

The protective effect of acacetin, identified in O. corniculata ME, on
Ap production is mediated by transcriptional regulation of BACE-1 and
APP, resulting in decreased APP protein expression and synthesis
resulting in a decrease in the number of amyloid plaques in addition to
BACE-1 activity (Wang et al.,2015). Literature also mentioned that
isovitexin was found to activate BDNF hence preventing senile cognitive
impairment caused by aging (Azimi et al., 2018) which conforms to our
findings.

AlCl3 administration resulted in a marked rise in PERK, GRP78, and
CHOP expressions in rats’ brain which conforms to previous studies
where AlCl3 resulted in ER stress mediated by CHOP overexpression in
AlCl3 (Khalaf et al., 2022) induced testicular damage. In another study,
it was observed that aluminum potentially enhanced protein levels of
PERK, indicating that aluminum mediated UPR stimulation via ER stress
leading to the switching on of the inflammatory and apoptotic pathways
(Rizvi et al., 2016). On the other hand, O. corniculata ME demonstrated a
reduction in PERK, GRP78, and CHOP expressions in rats treated with
AlCl3 suggesting that O. corniculata ME can provide neuroprotection
through inhibition of apoptosis and autophagy promotion. It was re-
ported that acacetin was found to reduce the expression of endoplasmic
reticulum stress markers CHOP and PERK, as well as apoptosis related
Bax in a dose dependent manner (Miao et al., 2023) which conforms to
the findings in the study at hand. Furthermore, O. corniculata ME
exhibited an amelioration Bcl-2 gene expression and a marked reduction
in the gene expression of Bax compared to AlCl3 treated rats which
might be attributed to the presence of another flavonoid, isovitexin. The
latter compound was found to cause significant reduction in Bax and a
notable rise in Bcl-2. The previous findings corroborate the fact that
O. Corniculata inhibits AlCls-induced brain apoptosis and promotes
autophagy AD in rats.

5. Conclusion

In this work, the role of Se or O. corniculata ME, to enhance behav-
ioral and biochemical function in the AlCl3 treated brain, was investi-
gated. Moreover, our findings demonstrated that O. corniculata ME has a
potential superior role compared to Se in preventing AD by modulating
various axes, particularly Nrf2/HO-1, TLR4/NLRP3, APOE4/LRP1, and
Wnt 3/B-catenin/GSK-3p and PERK cues. The potential effects of
O. corniculata in controlling AD may be mediated by the phenolic
compounds isolated from its methanolic extract contributing to its
neuroprotective effect which might be explained by the synergistic ef-
fects found among the compounds as well as their potent antioxidant,
anti-inflammatory and anti-apoptotic action, hence protecting neurons.
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AD Alzheimer’s disease

AlCl3 Aluminum chloride

Ap Amyloid beta-peptide

DA Dopamine

ACHE  Acetylcholine esterase

NE Norepinephrine

SHT Serotonin

BDNF Brain-derived neurotrophic factor, associated X protein
Bcl-2 B-cell lymphoma-2 protein
GSK-3p  Glycogen synthase kinase-3

Bax B-cell lymphoma protein 2

IL-1p Interleukin-1p

NF-kB  Nuclear factor kapa B

TNF-a  Tumor necrosis factor alpha

LRP1 low density lipoprotein receptor-related protein 1

p.o Orally

MDA Malondialdehyde

TLR-4  Toll-like receptor-4

SOD Superoxide dismutase

Nrf2/HO-1 Nuclear factor erythroid 2-related factor 2/hemoxygenase-
1

NLRP3  NLR family pyrin domain containing 3

CHOP  C/EBP homologous binding protein

p-PERK  Phospho-protein kinase R -like endoplasmic reticulum kinase
GRP78  Glucose-regulated protein 78
BECLIN1 Bcl-2-homology (BH)-3 domain
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