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Abstract

Background: Globally, the records of people who have dementia are rising, which hurts communities and healthcare systems.
The current study aimed to determine whether Ginkgo biloba (GB) and Cichorium intybus (CI) could relieve Alzheimer’s disease
(AD) by suppressing oxidative stress and neuroinflammation.

Methods and Results: Gas chromatography-mass spectrometry (GC-MS) was used to evaluate the phytoconstituents of GB
and CI hydroalcoholic extracts. ELISA assay was used for the assessment of acetylcholinesterase (AChE) and dopamine in the
brain tissue and SOD and TNF-a in blood serum.

Forty male albino rats were randomly divided into five groups (eight rats in each group). Group 1 (negative control) rats
received only a baseline diet and distilled water. Alzheimer’s disease was induced in Group 2 rats by oral administration (100
mg/kg bw) of AICI, dissolved in distilled water daily for 28 days (positive control). Rats in Group 3 were orally supplemented
concomitantly with both Ginkgo biloba extract (GBE) (120 mg/kg bw) once daily for 28 days and AICI, (100 mg/kg bw). Rats in
Group 4 were orally supplemented concomitantly with both Cichorium intybus extract (CIE) (500 mg/kg bw) once daily for 28
days and AICI, (100 mg/kg bw). Rats in Group 5 were given 120 mg/kg of GBE and 500 mg/kg of CIE orally for 28 days with
oral supplementation of AICI, (100 mg/kg bw). In Groups 3-5, GBE and CIE were given one hour before AICI, administration.

The results showed that GBE suppressed levels of brain AChE and serum TNF-o. in AICl,-induced AD. CIE improved levels
of brain dopamine and serum SOD in AICL-induced AD. Moreover, the combined administration of GBE and CIE significantly
suppressed the levels of brain AChE and serum TNF-a and improved the level of serum SOD in AICl -induced AD, leading to the
achievement of negative control values.

Conclusion: The combined use of GBE and CIE can lower the toxic impacts of aluminum chloride on brain neuronal
structures, neurotransmission, and oxidative stress it causes, suppressing the development of AICl,-induced AD.(International
Journal of Biomedicine. 2024;14(3):510-515.)
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Introduction cognitive issues become apparent.r2Approximately 50 million
individuals have AD in the world, characterized by cognitive

Alzheimer’s disease (AD) is marked by a gradual deficits in memory and other cognitive functions, causing
deterioration in memory, attention, and other cognitive abilities. death within 3-9 years following diagnosis. Alzheimer’s
AD has a lengthy pre-symptomatic period, and it is believed disease is a progressive neurodegenerative brain disorder

that degenerative changes in the brain start many years before and is the most common type of dementia in older adults,
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significantly affecting individuals’ well-being and societal
responsibilities.2# In severe stages of AD, individuals lose the
ability to carry out simple daily activities and need extensive
care, eventually becoming completely bedridden.? Treatment
options only provide respite from symptoms during the early
stage of the disease.®

Ginkgo biloba (GB), an acknowledged botanical
therapy, has been employed in China since ancient times.?
GB extract mostly contains flavonoids and terpenoids.2 GB
may help treat AD because it contains different parts that
fight free radicals, inflammation, and apoptosis and protect
against mitochondrial dysfunction, amyloid formation, and
aggregation. Additionally, GB is believed to modulate ion
homeostasis and phosphorylation of the tau protein.2 Many
studies indicate that GB notably enhanced the cognitive
abilities of AD in rodent models.'2L Cichorium intybus (CI)
was used in ancient Rome, Greece, and Egypt to improve
metabolism and digestion.2 Furthermore, it functions as
both a vegetable and a pasture plant and includes glycosides
and triterpenoids. These compounds hinder glutamatergic
transmission and improve GABAergic transmission.l2
The escalating prevalence of AD in Iraq needs to develop
a potential therapeutic program intervention capable of
modulating its course.

The current study aimed to determine whether Ginkgo
biloba (GB) and Cichorium intybus (CI) could relieve
Alzheimer’s disease (AD) by suppressing oxidative stress and
neuroinflammation.

Materials and Methods

All chemicals utilized in this research were of analytical
quality and sourced from several medical and commercial
services firms.

Plant Material

In September 2023, dried leaves of GB and CI were
bought at a local market in the Al-Hilla province, Iraq. The
leaves were rinsed using water and subsequently dried at
33°C for one week to dehydrate the plants. Then, the raw
material was crushed into a powder and submitted to the
hydroalcoholic extraction process using a hot plate apparatus
with stirring.1412
GC-MS Analysis

Gas chromatography-mass spectrometry (GC-MS) was
used to evaluate the phytoconstituents of CI and GB. The
GC-MS analysis was conducted via an Agilent 7820A GC
system connected to a mass spectrometer (Agilent, USA). The
analytical column employed was an Agilent HP-5ms Ultra
Inert (30 mm x 250 pm X 0.25 pm) as shown in Table 1.
Animals

The experiments were conducted on 40 three-month-
old male Wistar albino rats weighing 160-200 g. Rats were
housed in specialized cages in ideal, normal settings for a
period of two weeks to allow for adaptation. The rats lived in
a quiet, air-conditioned environment with a temperature range
0f 20-25 °C and a 12:12-h light-dark cycle. A standard rodent
diet was used, and free access to water was provided during
the experiment.

Table 1.
Experimental conditions for the GC-MS analysis.

Parameter Value

Agilent HP-5ms Ultra Inert

Analytical Column (30 mm x 250 um x 0.25 wm)

Injection Volume 1 uL
Pressure 11.933 psi
Carrier Gas Helium 99.99%
Injection Type Splitless
Temperature (°C)
GC Inlet Line 250 °C
Aux heaters 300 °C
Injector 250 °C
Oven Program Temperature
First Ramp 60 °C hold for 3 min
Second Ramp 60 °C increased to 180 °C, rate 7 °C/min
Third Ramp 180 °C increased to 280 °C, rate 8 °C/min
Fourth Ramp 280 °C hold for 3 min

Study Design.
Forty male albino rats were randomly divided into

five groups (eight rats in each group). Group 1 (negative
control) rats received only a baseline diet and distilled water.
Alzheimer’s disease (AD) was induced in Group 2 rats by
oral administration (100 mg/kg BW) of AICI, dissolved in
distilled water daily for 28 days (positive control).2 Rats in
Group 3 were orally supplemented concomitantly with both
Ginkgo biloba extract (GBE) (120 mg/kg bw) once daily for
28 days and AICI, (100 mg/kg bw).l¢ Rats in Group 4 were
orally supplemented concomitantly with both Cichorium
intybus extract (CIE) (500 mg/kg bw) once daily for 28 days
and AICI3 (100 mg/kg bw)..2Rats in Group 5 were given
120 mg/kg of GB and 500 mg/kg of CI orally for 28 days
with oral supplementation of AICI, (100 mg/kg bw). In
Groups 3-5, GB and CI were given one hour before AICI,
administration.
Biomarker Assessment

The serum was separated from the blood samples,
placed in sterile Eppendorf tubes, and frozen at —20 °C. The
SOD and TNF-a levels in the serum were assessed using
ELISA kits from (BT-Lab, China). Following the collection of
blood samples, all animals were euthanized. 0.4 g of the brain
was homogenized with an electric homogenizer in 1 ml of
ice-cold phosphate-buffered saline (PBS). The blended tissue
was spun at 5000 /min for 5 min. The supernatant was used
to assess acetylcholinesterase (AChE) and dopamine levels
using ELISA kits from (BT-Lab, China).

Statistical analysis was performed using the statistical
software package SPSS version 26.0 (SPSS Inc, Armonk,
NY: IBM Corp). Baseline characteristics were summarized




512 K. AR Al-Salim & A. GH Al-Charak / International Journal of Biomedicine 14(3) (2024) 510-515

as frequencies and percentages for categorical variables and
as mean =+ standard error of the mean (SEM) for continuous
variables. Multiple comparisons were performed using a one-
way ANOVA and Tukey HSD post-hoc test. A probability
value of P<0.05 was considered statistically significant.

Results and Discussion

Assessment of Phytochemicals of Plants by GC-MS

Using the National Institute of Standards and Technology
(NIST) database, the compound’s name, molecular weight,
chemical formula, peak area, and biological activity of GB
and CI were determined (Figures 1 and 2, Tables 2 and 3).
The relative proportion of each component was determined by
comparing its average peak area to the total area. Our GC-MS
analysis of the two extracts exhibited that oleic acid was the
most abundant fatty acid.
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Fig. 2. GC-MS analysis of Gingko biloba hydroalcoholic extract.

Table 3.
GC-MS analysis of Ginkgo biloba hydroalcoholic extract.

RT | Chemical Area
No.| Compounds (min) | formula MW % BA
n-Hexadecanoic Anti-
1 acid 16.54 | C,H,,0, |256| 0.57 (inflammatory
IAntioxidant
2 |Docosane 17.86 | C,,H,, 310| 2.94 |Antioxidant

3 |Oleic Acid 18.549( C, .H,,0, [282]| 2.37 |Antimicrobial

Fig. 1. GC-MS analysis of Cichorium intybus hydroalcoholic
extract.

Table 2.
GC-MS analysis of Cichorium intybus hydroalcoholic extract.

RT | Chemical Area
No. Compound (min)| formula MW, % BA
1 |Oleic Acid 18.70|C H,,0, |282|47.35|Antimicrobial
n-Hexadecanoic IAnti-

2 acid 16.64/C H, O, [256/9.67 inflammatory

3 |Hexatriacontane  |20.99|C, H,, 506| 7.08 |Antioxidant
IAntioxidant

4 | Tetracontane 23.71|C, H,, 562(6.48 Antibacterial

4H-Pyran-4-one,
5 |2,3-dihydro-3,5-  |7.61 |CHO, 144|3.70 |Antioxidant
dihydroxy-6-methy]l

6 |Dotriacontane 25.67|C,,H, 450 3.35 |Antioxidant
Tetracosamethyl- . IAntioxidant
7 cyclododecasiloxane 19.20|C,,H,0,,81,,| 888 2.58 |Antibacterial
Cyclooctasiloxane Antimicrobial
8| > [14.87|C, H,.0.Si_ |592(2.01 |Anti-
hexadecamethyl 167748878 .
inflammatory
g |2 Hydioxymethyl- o 53 \c 1o, [126] 1.16 [Antioxidant
10| Cyclohexane, 55 ol 1 336/ 0.65 |Antimicrobial
octadecyl 247748
IAntioxidant
11| Vanillin 11.88{C.HO.  |152]0.31 {Anti-
’ 87873 =" linflammatory
IAntimicrobial

MW, molecular weight; BA, biological activity; RT, retention time

18773472

IAntimicrobial

4 |Tetracosane 13.80 | C,,H,, 338| 6.84 Anticancer
. IAntibacterial

5 |Tetratriacontane | 19.68 | C, H | 478| 7.07 Antioxidant
2-Methylpenta- |Antibacterial

6 cosane 20.93 | C,H,, 366) 9.09 IAntioxidant
7 |Hexatriacontane | 21.34 | C, H_, 506| 18.59 |Antioxidant
. IAntimicrobial

8 |Dotriacontane | 22.88 | C,,H,, 450| 8.30 Antioxidant
9 |Tetracontane 23.61 | C,H,, 562(16.41 An@lm.lcroblal
antioxidant

10 |Pentatriacontane| 25.12 | CH,  |492 9.50 {Antimicrobial
antioxidant

MW, molecular weight, BA, biological activity; RT, retention time

Brain Dopamine and AChE

After 28 days of the experiment, brain dopamine levels
were suppressed by AICI, compared to the negative control
and increased after oral administration of CIE and GBE+CIE
but reached the level of negative control only in the CIE group
(Table 4). Brain levels of AChE increased in the AICI, group
significantly compared to negative control and decreased
significantly after oral administration of GBE, CIE, and
GBE+CIE combination, reaching the level of negative control
in the GBE group and GBE+CIE group.
Antioxidant and Inflammatory Markers

The antioxidant status of serum by assessment SOD
showed that AICI, administration suppressed SOD level
significantly compared to the negative control. CIE and
GBE+CIE administration allowed to increase SOD level
compared to positive control. SOD levels reached the level
of negative control only in the GBE+CIE group. The serum
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TNF-a level increased in the AICI, group compared to the
negative control and significantly decreased after GBE and
GBE+CIE administration compared to the positive control.
TNF-a levels reached the level of negative control in the GBE
and GBE+CIE groups.

Discussion

This research highlighted the therapeutic potential of
two famous herbs, GB and CI, in treating AICl -induced AD
in rats. The abundance of bioactive chemicals, the variety of
secondary metabolites in GB and CI, and their byproducts
have contributed to its rising popularity. Several beneficial
biological effects, such as antibacterial, anti-inflammatory,
antioxidant, anti-cancer, and antimicrobial, have been
linked to the many components in both GB and CI.Z2 Our
GC-MS analysis of the GB and CI hydroalcoholic extracts
found several phytoconstituents like phenols, alkaloids,
and unsaturated fatty acids possessing antioxidant abilities,
protecting the brain from oxidative stress. Moreover, the two
extracts exhibited that oleic acid was the most abundant fatty
acid, which can directly regulate both the synthesis and the
activity of antioxidant enzymes.

Aluminum (Al) intoxication poses a significant risk to
the brain since it has a strong affinity for receptors and may
readily pass across the blood-brain barrier, ultimately leading
to its accumulation in the brain.*® Additionally, it has the
potential to stimulate the generation of free radicals, which
can lead to brain damage, particularly in the areas of the brain
responsible for memory and learning..22 Oxidative stress has a
crucial role in the development of neurotoxicity, which is a key
pathogenic event in the basic process of neurodegeneration in
AD.2-2 Antioxidants are a promising component in preventing
the onset and progression of AD. Al intoxication induces
severe oxidative stress by increasing the pro-oxidant effects
of iron in the brain and reducing the activity of antioxidant
enzymes.?

These studies indicated that GBE and CIE contain
antioxidant compounds: phenols, flavonoids, and unsaturated
fatty acids. It is safe to assume that the studied extracts may
modulate AD by acting as antioxidants and anti-inflammatory
agents. Our results align with previous research indicating
that GBE contains approximately 22.0-27.0% flavonoids,
5.0-7.0% terpene lactones, and ginkgolic acids at levels below
5 mg/kgs#

The phytoconstituents of CIE identified in this study
align with previous findings.>2¢ These studies also identified
polyphenols, flavonoids, phenols, and fatty acids as the main
components. Furthermore, the flavonoids examined in GBE
and CIE of the current investigation are well-documented for
their antioxidant properties. The administration of flavonoids
could be a good strategy for modulating symptoms related to
neurotoxicity.28

Among the herbal extracts, GBE is one of the most
investigated herbal remedies for cognitive disorders and AD.
Flavonoids and terpenoids are the primary components found
in standardized GBE.Z Anti-oxidation, anti-inflammation,
anti-apoptosis, defense against mitochondrial dysfunction,
amyloidogenesis, and the B-amyloid peptide (Ap) aggregation,
modulation of phosphorylation of tau protein, ion homeostasis,
and even induction of growth factors are possible mechanisms
of action of GBE.2

Dopamine and acetylcholine are neurotransmitters
vital in conveying information between neurons and are
strongly linked to the preservation of learning and memory
in the brain.2 Acetylcholinesterase (AChE), an acetylcholine-
hydrolyzing enzyme, consistently colocalizes with the
amyloid deposits and may contribute to the generation of
amyloid proteins. An increase in AChE levels around amyloid
plaques and neurofibrillary tangles is a common feature of AD
neuropathology. A decrease in brain acetylcholine (ACh) level
is implicated in the pathophysiology of cognitive dysfunction
occurring in AD. Enhancing ACh levels by inhibiting the AChE
activity has a beneficial impact on cognitive performance.

Table 4.
Neurotransmitters and markers of oxidative stress and neuroinflammation.
Group Dopamine in BT AChE in BT Serum TNF-a Serum SOD
(ng/g) (ng/g) (pg/mL) (ng/mL)
Positive
control (AICL) [1] 10.71+0.80 28.44+1.15 7.75+0.57 4.42+0.64
Negative control 24.77£1.59
14.12+1.26 3.544+0.37 17.86+1.12
(DW) [2]
GBE [3] 13.80+1.22 17.94+0.97 5.44+0.35 6.82+0.81
CIE [4] 19.64+1.39 20.74+1.29 6.16+0.48 11.83+0.79
GBE+CIE [5] 16.85+1.10 13.05+1.29 4.54+0.52 15.92+0.56
F 18.7615 P=0.0000 F=26.5317 P=0.0000 F=11.8237 P=0.0000 F=50.6627 P=0.0000
o P, ,=0.0000 P, .=0.4283 o P, ,=0.0000 P, .=0.0000 | P, ,=0.0000P .=0.0168 P, ,=0.0000 P .=0.2576
One-way 14—0 0005 P —0.0180 14—0 0017 P —0.0000 P =0.1525 P —0.0008 14—0 0000 P —0.0000
ANOVA o P,.=0.0000 P *0.0598 o P,.=0.2010 P *0.0069 P,.=0.0623 P *0.0059 B P, ,=0.0000 P *0.0003
P P, =0.0019 P —0.0259 P P, =0.9681 P —0.4835 P, =0.5634 P —0.8081 P P, =0.4564 P —0.0023
,5=0.4409 P 50.5263 ,5=0.0621 P 50.0017 P, =0.6550 P 70.1405 .s=0.0000 P 70.0142
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Cholinergic transmission primarily affects cognition, learning,
and memory. Transmission impairment levels are associated
with dementia severity.2:

Aluminium is a strong cholinotoxin that provokes
alterations in cholinergic transmission.? This neurotoxic ability
of Al remarkably enhances the AChE activity?2 and thereby
elevates the breakdown of ACh in the brain. It was exhibited
in our study, where AICI, triggered increasing the AChE
content in the brain tissues. In our study, the administration
of 120 mg/kg of GBE and 500 mg/kg of CIE, both alone and
in combination, significantly suppressed brain AChE levels in
AlICl,-induced AD.

Alzheimer’s disease is closely associated with AB-
induced neuroinflammation and neuronal injury through the
release of proinflammatory and cytotoxic factors.2 Numerous
studies have described elevated TNF-a levels in biological
fluids in AD patients.*3¢ Stimulation of primary rodent and
human microglial cell cultures with AP induces the release
of high levels of TNF-a.** In our study, AICI, triggered
increasing the TNF-a in the serum. In our study, the increase
in serum TNF-a induced by AICI, significantly decreased
with the administration of GBE (120 mg/kg) alone and in
combination with 500 mg/kg of CIE.

In conclusion, the combined use of GBE and CIE can
lower the toxic impacts of AICI, on brain neuronal structures,
neurotransmission, and oxidative stress it causes, suppressing
the development of AlCl,-induced AD.

Ethical Approval

The animals were housed in keeping with the rules
for good laboratory practice (GLP). The experiments were
performed in accordance with the norms for the humane
treatment of animals, which are regulated by the International
Guidelines of the Association for the Assessment and
Accreditation of Laboratory Animal Care, followed the
protocol approved by the Institutional Animal Care and Use
Committee of the Veterinary Medicine Collage at the Al-
Qasim Green University.

Competing Interests

The authors declare that they have no competing
interests.

Acknowledgments

This work was supported by the College of Veterinary
Medicine at the Al-Qasim Green University, Babylon, Iraq.

References

1. Jack CR Jr, Knopman DS, Jagust WJ, Shaw LM, Aisen
PS, Weiner MW, Petersen RC, Trojanowski JQ. Hypothetical
model of dynamic biomarkers of the Alzheimer’s pathological
cascade. Lancet Neurol. 2010 Jan;9(1):119-28. doi: 10.1016/
S1474-4422(09)70299-6. PMID: 20083042; PMCID:
PMC2819840]

2. Knopman DS, Amieva H, Petersen RC, Chételat G,
Holtzman DM, Hyman BT, Nixon RA, Jones DT. Alzheimer
disease. Nat Rev Dis Primers. 2021 May 13;7(1):33. doi:
10.1038/s41572-021-00269-y. PMID: 33986301; PMCID:
PMC8574196.

3. Chen X, Zhang M, Ahmed M, Surapaneni KM,
Veeraraghavan VP, Arulselvan P. Neuroprotective effects of
ononin against the aluminium chloride-induced Alzheimer’s
disease in rats. Saudi J Biol Sci. 2021 Aug;28(8):4232-4239.
doi: 10.1016/j.5jbs.2021.06.031. Epub 2021 Jun 15. PMID:
34354404; PMCID: PMC8325004.

4. Choi H, Kim HJ, Yang J, Chae S, Lee W, Chung S, et
al. Acetylation changes tau interactome to degrade tau in
Alzheimer’s disease animal and organoid models. Aging Cell.
2020 Jan;19(1):e13081. doi: 10.1111/acel.13081. Epub 2019
Nov 25. PMID: 31763743; PMCID: PMC6974726.

5. Sahana S, Kumar R, Nag S, Paul R, Chatterjee I, Guha
N. A Review On Alzheimer Disease And Future Prospects]
World Journal of Pharmacy and Pharmaceutical Sciences.
2020. DOI: 10.20959/wjpps20209-17166

6. Holtzman DM, Morris JC, Goate AM. Alzheimer’s
disease: the challenge of the second century. Sci Transl Med.
2011 Apr 6;3(77):77srl. doi: 10.1126/scitranslmed.3002369.
PMID: 21471435; PMCID: PMC3130546.

7. Al-Ameedi Al, Ayad ZM, Mohammed WA, Hajwal SK.
Ginkgo biloba extract’s efficacy to mitigate the genotoxicity
that hydroxyurea induces in mice. Adv Anim Vet Sci.
2023.11(4),552-557]

8. Xie L, Zhu Q, Lu J. Can We Use Ginkgo biloba Extract
to Treat Alzheimens Disease? Lessons from Preclinical and
Clinical Studies. Cells. 2022 Jan 29;11(3):479. doi: 10.3390/
cells11030479. PMID: 35159288; PMCID: PMC8833923.

9. ChenJY, Zhu Q, Zhang S, OuYang D, Lu JH. Resveratrol
in experimental Alzheimer’s disease models: A systematic
review of preclinical studies. Pharmacol Res. 2019
Dec;150:104476. doi: 10.1016/j.phrs.2019.104476. Epub
2019 Oct 9. PMID: 31605783.

10. Ward CP, Redd K, Williams BM, Caler JR, Luo Y, McCoy
JG. Ginkgo biloba extract: cognitive enhancer or antistress
buffer. Pharmacol Biochem Behav. 2002 Jul;72(4):913-22.
doi: 10.1016/s0091-3057(02)00768-2. PMID: 12062581.

11. Tian X, Wang J, Dai J, Yang L, Zhang L, Shen S, Huang
P. Hyperbaric oxygen and Ginkgo Biloba extract inhibit Af25-
35-induced toxicity and oxidative stress in vivo: a potential role
in Alzheimer’s disease. Int J Neurosci. 2012 Oct;122(10):563-
9. doi: 10.3109/00207454.2012.690797. Epub 2012 Jun 14.
PMID: 22563944.

12. Janda K, Gutowska I, Geszke-Moritz M, Jakubczyk
K. The Common Cichory (Cichorium intybus L.) as a
Source of Extracts with Health-Promoting Properties-A
Review. Molecules. 2021 Mar 23;26(6):1814. doi:
10.3390/molecules26061814. PMID: 33807029; PMCID:
PMC8005178.

13. Javed R, Zia M, Naz S, Aisida SO, Ain NU, Ao Q. Role
of capping agents in the application of nanoparticles in
biomedicine and environmental remediation: recent trends
and future prospects. J Nanobiotechnology. 2020 Nov
23;18(1):172. doi: 10.1186/s12951-020-00704-4. PMID:
33225973; PMCID: PMC7682049.

14. Liaquat L, Sadir S, Batool Z, Tabassum S, Shahzad S,
Afzal A, Haider S. Acute aluminum chloride toxicity revisited:



K. AR Al-Salim & A. GH Al-Charak / International Journal of Biomedicine 14(3) (2024) 510-515 515

Study on DNA damage and histopathological, biochemical
and neurochemical alterations in rat brain. Life Sci. 2019 Jan
15;217:202-211. doi: 10.1016/j.1£5.2018.12.009.

15. Rees S, Harborne J. Flavonoids and other phenolics
of Cichorium and related members of the Lactuceae
(Compositae). Botanical Journal of the Linnean Society.
1984;89.4: 313-319..

16. Vaz M, Silvestre S. Alzheimer’s disease: Recent treatment
strategies. Eur J Pharmacol. 2020 Nov 15;887:173554. doi:
10.1016/j.ejphar.2020.173554.

17. Noori S, Azmat M, Mahboob T. Study on antioxidant
effects of cinnamon and garlic extract in liver, kidney and
heart tissue of rat. Biosci Res. 2012;9.1:17-22.

18. Chiroma SM, Hidayat Baharuldin MT, Mat Taib CN,
Amom Z, Jagadeesan S, Adenan MI, Mohd Moklas MA.
Protective effect of Centella asiatica against _-galactose and
aluminium chloride induced rats: Behavioral and ultrastructural
approaches. Biomed Pharmacother. 2019 Jan;109:853-864.
doi: 10.1016/j.biopha.2018.10.111. Epub 2018 Nov 5.

19. Kumar V, Bal A, Gill KD. Aluminium-induced oxidative
DNA damage recognition and cell-cycle disruption in different
regions of rat brain. Toxicology. 2009 Oct 29;264(3):137-44.
doi: 10.1016/j.t0x.2009.05.011.

20. Saba K, Rajnala N, Veeraiah P, Tiwari V, Rana RK,
Lakhotia SC, Patel AB. Energetics of Excitatory and
Inhibitory Neurotransmission in Aluminum Chloride Model
of Alzheimer’s Disease: Reversal of Behavioral and Metabolic
Deficits by Rasa Sindoor. Front Mol Neurosci. 2017 Oct
17;10:323. doi: 10.3389/fnmol.2017.00323.

21. da Silva VC, de Aratjo AA, de Souza Araujo DF,
Souza Lima MCJ, Vasconcelos RC, de Aratjo Junior RF,
et al. Intestinal Anti-Inflammatory Activity of the Aqueous
Extract from Ipomoea asarifolia in DNBS-Induced Colitis in
Rats. Int J Mol Sci. 2018 Dec 12;19(12):4016. doi: 10.3390/
ijms19124016. PMID: 30545135; PMCID: PMC6321343.
22. Kim GH, Kim JE, Rhie SJ, Yoon S. The Role of Oxidative
Stress in Neurodegenerative Diseases. Exp Neurobiol. 2015
Dec;24(4):325-40. doi: 10.5607/en.2015.24.4.325.

23. QuM, Jiang Z, Liao Y, Song Z, Nan X. Lycopene Prevents
Amyloid [Beta]-Induced Mitochondrial Oxidative Stress and
Dysfunctions in Cultured Rat Cortical Neurons. Neurochem Res.
2016 Jun;41(6):1354-64. doi: 10.1007/s11064-016-1837-9.

24. Herrschaft H, Nacu A, Likhachev S, Sholomov I, Hoerr
R, Schlaefke S. Ginkgo biloba extract EGb 761® in dementia
with neuropsychiatric features: a randomised, placebo-
controlled trial to confirm the efficacy and safety of a daily
dose of 240 mg. J Psychiatr Res. 2012 Jun;46(6):716-23. doi:
10.1016/j.jpsychires.2012.03.003.

25. Abbas ZK, Saggu S, Sakeran MI, Zidan N, Rehman
H, Ansari AA. Phytochemical, antioxidant and mineral
composition of hydroalcoholic extract of chicory (Cichorium
intybus L.) leaves. Saudi J Biol Sci. 2015 May;22(3):322-6.
doi: 10.1016/j.sjbs.2014.11.015. Epub 2014 Nov 20.

26. Janci¢ D, Todorovi¢ V, Sircelj H, Dodevska M, Beljkas
B, Znidarci¢ D, Sobaji¢ S. Biologically active compounds
and antioxidant capacity of Cichorium intybus L. leaves from
Montenegro. Italian Journal of Food Science. 2017;29(4):627-43.
27. Shi C, Zhao L, Zhu B, Li Q, Yew DT, Yao Z, Xu J.
Protective effects of Ginkgo biloba extract (EGb761) and
its constituents quercetin and ginkgolide B against beta-
amyloid peptide-induced toxicity in SH-SYS5Y cells. Chem

Biol Interact. 2009 Sep 14;181(1):115-23. doi: 10.1016/.
¢bi.2009.05.010.

28. Singh SK, Srivastav S, Castellani RJ, Plascencia-Villa G,
Perry G. Neuroprotective and Antioxidant Effect of Ginkgo
biloba Extract Against AD and Other Neurological Disorders.
Neurotherapeutics. 2019 Jul;16(3):666-674. doi: 10.1007/
s13311-019-00767-8.

29. Cheng XJ, Gu JX, Pang YP, Liu J, Xu T, Li XR, et al.
Tacrine-Hydrogen Sulfide Donor Hybrid Ameliorates
Cognitive Impairment in the Aluminum Chloride Mouse
Model of Alzheimer’s Disease. ACS Chem Neurosci. 2019 Aug
21;10(8):3500-3509. doi: 10.1021/acschemneuro.9b00120.
30. Pohanka M. Cholinesterases, a target of pharmacology
and toxicology. Biomed Pap Med Fac Univ Palacky Olomouc
Czech Repub. 2011 Sep;155(3):219-29. doi: 10.5507/
bp.2011.036.

31. Amberla K, Nordberg A, Viitanen M, Winblad B. Long-
term treatment with tacrine (THA) in Alzheimer’s disease--
evaluation of neuropsychological data. Acta Neurol Scand Suppl.
1993;149:55-7. doi: 10.1111/j.1600-0404.1993.tb04257 .x.

32. Zatta P, Ibn-Lkhayat-Idrissi M, Zambenedetti P, Kilyen M,
Kiss T. In vivo and in vitro effects of aluminum on the activity
of mouse brain acetylcholinesterase. Brain Res Bull. 2002 Oct
15;59(1):41-5. doi: 10.1016/s0361-9230(02)00836-5.

33. Trovato Salinaro A, Pennisi M, Di Paola R, Scuto M,
Crupi R, Cambria MT, Ontario ML, Tomasello M, Uva
M, Maiolino L, Calabrese EJ, Cuzzocrea S, Calabrese V.
Neuroinflammation and neurohormesis in the pathogenesis
of Alzheimer’s disease and Alzheimer-linked pathologies:
modulation by nutritional mushrooms. Immun Ageing. 2018
Feb 14;15:8. doi: 10.1186/s12979-017-0108-1.

34. Brosseron F, Krauthausen M, Kummer M, Heneka MT.
Body fluid cytokine levels in mild cognitive impairment and
Alzheimer’s disease: a comparative overview. Mol Neurobiol.
2014 Oct;50(2):534-44. doi: 10.1007/s12035-014-8657-1.

35. Swardfager W, Lanctot K, Rothenburg L, Wong A, Cappell
J, Herrmann N. A meta-analysis of cytokines in Alzheimer’s
disease. Biol Psychiatry. 2010 Nov 15;68(10):930-41. doi:
10.1016/j.biopsych.2010.06.012.

36. Zhao M, Cribbs DH, Anderson AJ, Cummings BJ,
Su JH, Wasserman AJ, Cotman CW. The induction of the
TNFalpha death domain signaling pathway in Alzheimer’s
disease brain. Neurochem Res. 2003 Feb;28(2):307-18. doi:
10.1023/a:1022337519035.

37. Pyo H, Jou I, Jung S, Hong S, Joe EH. Mitogen-activated
protein kinases activated by lipopolysaccharide and beta-
amyloid in cultured rat microglia. Neuroreport. 1998 Mar
30;9(5):871-4. doi: 10.1097/00001756-199803300-00020.
38. Dhawan G, Floden AM, Combs CK. Amyloid-3 oligomers
stimulate microglia through a tyrosine kinase dependent
mechanism. Neurobiol Aging. 2012 Oct;33(10):2247-61. doi:
10.1016/j.neurobiolaging.2011.10.027.

39. Lue LF, Walker DG, Rogers J. Modeling microglial
activation in Alzheimer’s disease with human postmortem
microglial  cultures. Neurobiol Aging. 2001 Nov-
Dec;22(6):945-56. doi: 10.1016/s0197-4580(01)00311-6.

*Corresponding author: Karrar AR Al-Salim. College of Veterinary
Medicine, Al-Qasim Green University, Babylon, Iraq. E-mail:
hamzal4shukri72@gmail.com



