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1. Introduction
The process of neurodegeneration entails the gradual 
damage of neural units and the function accompanying it1. 
Alzheimer’s Disease (AD), is a prevalent neurodegenerative 
malady that causes cognitive impairments, behavioral 
instability along with a progressive loss of memory2. With 
an estimated 46.8 million cases worldwide and a projected 
increase to 131.5 million cases by 2050, Alzheimer’s 
Disease is the most prevailing cause of dementia3. Aging is 
the most prevalent non-genetic cause of AD4. AD usually 
accelerates with age, especially beyond the age of sixty5. Age 

is therefore the main cause of the emergence of AD6. With 
the increase in age, memory impairment along with the 
decrease in antioxidant defense mechanism takes places7,8. 
Patients who suffer from AD beyond 65 years of age are 
referred to as “sporadic”, whereas patients who suffer from 
AD before 65 years of age are said to be “familial”9. 

Some of the pathophysiological alterations that underlie 
AD include extracellular amyloid plaque deposition10, tau 
protein phosphorylation, lack of acetylcholine, and loss of 
neurons driven on by free radicals11. In AD, there is also a 
loss in brain weight and brain volume12. Evidence depicts 
that mostly the synapses, dendrites, and the channels 
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through which the neurons in the brain send and receive 
signals are mostly vulnerable to AD13.

Alzheimer’s disease is the most common kind of 
dementia14. It occurs due to the abnormal formation of 
β amyloid (Aβ) and increased phosphorylation of tau 
protein. Aβ is a protein made up of 37-43 amino acids 
and is the critical initiator of AD. Aβ is formed from 
APP (Amyloid Precursor Protein) in the presence of 
γ secretase15. Tau protein is a microtubule-associated 
protein that when increases in amount results in AD. 
The hyperphosphorylation of tau protein results in 
the formation of Neurofibrillary tangles (NFTs) which 
surrounds the amyloid plaques16,17. Lipid peroxidation 
is also induced by β amyloid18. Lipids are altered by free 
radicals and the presence of lipid peroxides, antioxidant 
enzymes, amyloid plaques, and NFTs all exhibit substantial 
correlations in Alzheimer19. In AD, the buildup of this 
peptide causes synaptic malfunction, inflammatory stress, 
neuronal death, and cognitive impairments20.

Oxidative stress also plays an important role in the 
etiology of Alzheimer21. It happens due to an imbalance 
between radical detoxifying enzymes22. The end 
products like glycation end products, nitration23,24, lipid 
peroxidation25,26, as well as free carbonyls27, hydroxylation, 
and carbonyl-modified neurofilament protein28 are 
examples of the oxidative damage that is observed in AD29. 
Due to oxidative stress, the cytoskeleton of the neurons is 
altered which serves as the primary cause of AD induced 
by free radicals which leads to neuronal death30.

2. Materials and Methods
This review article offers a critical analysis of published 
literature on the various herbal plants used in the treatment 
of Alzheimer’s Disease. The sources of information 
used in the present article include the Indian system of 
Medicine, traditional Chinese herbal medicine reports on 
the use of herbal drugs, research articles, and scientific 
databases like PubMed, Google Scholar, and Web of 
Science. It includes the usage of various herbal plants and 
their bioactive constituents along with the benefits of β 
sitosterol in the treatment of AD.

3. Neuro Protective Role of 
Herbal Plants in AD

The conventional allopathic treatments for AD possess 
a number of side effects including raised blood pressure, 

constipation, dizziness, diarrhea and many more thus 
an alternative approach, such as the use of herbal plants, 
may be beneficial due to their relatively few side effects31. 
Around 200 years ago, herbal medicines dominated 
the major pharmacopeias, and many modern synthetic 
pharmaceuticals have their origins in the plant kingdom. 
However, there is ongoing interest in herbal treatment for 
many illnesses, including psychiatric and neurological 
conditions32. Numerous research and documentation 
suggest that herbal remedies have a unique participation 
in AD therapy33. Neuroprotection, which applies to 
both acute and progressive neurodegenerative diseases, 
is the ability of a system to safeguard the CNS against 
neuronal damage. The herbal plants contain a variety of 
bioactive constituents  that can be used to treat a wide 
range of disorders, including neurological disorders such 
as AD. Nature’s gift of medicinal plants has not yet been 
fully appreciated. The active ingredient found in herbal 
medicine can be used to synthesize new medications34. 
Plants are capable of synthesizing chemical substances 
that are used to treat or prevent various diseases, including 
age-related ailments and cognitive problems. 

There are various bioactive substances that help 
in preventing AD by inhibiting the development of β 
amyloid, acetylcholinesterase, tau phosphorylation, and 
ROS. These substances help in the treatment therapies 
of AD. Numerous bioflavonoids are already identified 
as effective free radical scavengers, monoamine oxidase, 
acetylcholinesterase, and butyrylcholinesterase enzyme 
inhibitors. In light of this, herbal plants are prospective 
lead ingredients for producing  compelling medications 
for the prevention of Alzheimer9. The bioactive 
substances present in plants may affect the activity of 
other components of the same plant or of other plants35-37.

3.1 Melissa officinalis L. and Salvia 
officinalis L. (Lamiaceae)

In an individual with Alzheimer, Melissa officinalis has 
been shown to enhance cognitive performance and reduce 
agitation. It is widely known that M. officinalis which 
contains 4-O-methyl honokiol and has both  nicotinic 
and muscarinic binding abilities at the ACh receptors in 
the central nervous system33. It inhibits the formation 
of beta-amyloid and the death of nerve cells. It also 
inhibits the production of free radicals. Salvia officinalis 
contains rosmarinic acid as its active constituent which 
inhibits the formation of various reactive oxygen species 
induced by β amyloid, peroxidation of lipids, activation of 
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caspase 3, phosphorylation of tau protein along with the 
fragmentation of DNA9.

3.2 Ginkgo biloba L. (Ginkgoaceae)
Ginko biloba is used as a Chinese herbal remedy for 
hundreds of years to cure a variety of disorders. It 
contains rutin as a bioactive constituent. Numerous 
reports depict that the extract of  Ginkgo biloba has the 
ability to diminish AD symptoms and therefore retard the 
disease’s progression. During the early stages of AD, Ginko 
biloba extract GBE is most effective. In the hippocampal 
region of the brain, GBE has been demonstrated to have 
the capacity to restore normal ACh receptor function. 
It can also boost cholinergic activity and relieve several 
disease-related symptoms33. It shows an antioxidant 
effect and inhibits aggregation of β amyloid along with 
anti-platelet activating factor in AD patient38-40. Ginkgo 
biloba can reduce hypertension and also prevent platelet 
accumulation. If administered in the beginning stage of 
AD, it has the potential to boost cognition41.

3.3 Acorus calamus L. (Acoraceae)
Acorus calamus L. also recognized as “Acori Calami 
Rhizoma” are used to enhance memory. It contains eugenol 
and β asarone which acts as an acetylcholinesterase inhibitor 
and is also used in Ayurvedic medicine. Additionally, β 
asarone has been demonstrated to enhance memory and 
exhibit antioxidant characteristics in the CNS. Alpha 
asarone’s cholinergic and antioxidant properties help in the 
treatment of memory impairment. Asarones sometimes 
show genotoxic and hepatocarcinogenic effects therefore 
it has been advised to use very low concentration of 
asarone in herbal preparations42.

3.4 Huperzia serrata (Lycopodiaceae)
Huperzine A, a prominent quinolizidine-related alkaloid, 
has the potential to cure the symptoms of AD as it acts 
as an acetylcholinesterase inhibitor and may also have 
a positive impact on other neurotransmitter systems 
to enhance memory. It is neuroprotective against beta-
amyloid, oxygen-free radicals, and glutamate.

Huperzine A is more specific for AChE than 
butylcholinesterase thus greatly enhances  cognition and 
behaviour in AD patients32. It has the ability to improve 
memory, concentration, and learning. It significantly 
lowers excessively elevated free radicals in the blood 
and brains of Alzheimer’s patients and elderly animals. 

Huperzine A can restore scopolamine-induced amnesia, 
raising the possibility that it could help patients suffering 
from AD or further cognitive disorders41.

3.5 Panax ginseng (Araliaceae)
Triterpene saponins also comprehended as ginsenosides, 
are the chief constituent of P. ginseng. Ginsenosides 
exhibit a variety of biological activities that are 
mechanistically related to the pathology of AD, including 
antioxidant activity, inhibition of glutamate, beta 
amyloid-induced cytotoxicity, and beta amyloid-induced 
tau phosphorylation. They also exhibit neuroprotective 
activity, antagonize NMDA receptors, and modulate ACh 
release42. 

3.6 Rosmarinus officinalis (Lamiaceae)
Rosmarinus officinalis (Satapatrika) contains constituents 
like carnosic acid, apigenin, ursolic acid, carvacrol, 
oleanolic acid, thymol, and eugenol. It has the ability 
to naturally inhibit COX-2 and also comprises about 
20 antioxidants and additional 12 anti-inflammatory 
substances out of which carnosic acid and ferulic acid 
are the two most dominant antioxidants which help in 
slowing down the progression of AD20.

3.7 Convolvulus pluricaulis 
(Convolvulaceae)

It shows nerve regeneration and improved cognition43,44. 
The bioactive constituents present in Convolvulus 
pluricaulis are convolamine and scopoletin. In 
scopolamine-treated rats, Convolvulus pluricaulis 
(Shankhapushpi) extract decreased tau protein 
and mRNA levels as well as APP levels. The extract 
had neuroprotective benefits since it prevented the 
neurotoxicity of scopolamine under the microscope. 
Scopolamine’s neurotoxic effects were diminished 
by CP treatment, demonstrating its neuroprotective 
properties45. Pretreatment with C. pluricaulis reduce free 
radicals and inhibits the depolarization of mitochondrial 
membrane while restoring various free radical scavengers 
and apoptotic markers46.

3.8 Curcuma longa L. (Zingiberaceae)
The benefits and constraints of using Curcuma longa 
in brain carcinoma and other CNS-related disorders 
are revealed by curcumin pharmacology. The active 
constituent of turmeric is curcuminoids47. Curcuminoids 
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include curcumin48 and the effects of curcumin include 
effects on tau protein and anti-amyloidogenicity. 
Curcumin can both prevent and treat neurodegenerative 
brain conditions. Oral administration of curcumin 
reduces plaque load in AD patient49,50 and when injected 
it blocks the formation of plaque51. In order to create 
an injectable depot for the continuous local release of 
curcumin to treat neuroinflammation, curcumin, a 
TNF blocker in many cell types and tissues, underwent 
chemical optimization. Curcumin binds to and prevents 
the accumulation of amyloid sheet conformations that 
are common to many neurodegenerative diseases. It 
scavenges free radicals, balances inflammatory systems, 
and increases thermal impact systems for better clearing 
of fatal aggregates21. Curcumin forms a complex with 
metals like zinc, copper, and iron52 and blocks metal-
induced amyloid plaque formation53, inflammation, and 
oxidative neurotoxicity54,55.

3.9 Matricaria recutita L. (Asteraceae)
German chamomile can boost memory, relieve fatigue, 
soothe the nerves, prevent sleeplessness, improve 
digestion, use in cold and cough, and support the defense 
mechanism of the body. It reduces unconsciousness and 
elevates drowsiness when taken in larger doses41.

Due to the presence of chamazulene, it shows 
antioxidant properties therefore it acts against free 
radicals and also acts as an acetylcholinesterase inhibitor 
due to which it is considered a potent herbal drug in the 
prevention of amyloid plaque formation thus helping in 
slowing the progression of AD.

3.10 Glycyrrhiza glabra (Fabaceae)
The main factor responsible for the development of AD is 
the presence of β-amyloid plaques, which are characterized 
by neuronal death. Glycyrrhiza glabra contains glycyrrhizin/
glycyrrhizic acid and isoliquiritin which protects against 
the apoptotic neuronal cell death brought on by fragments. 
Licorice root extract is said to alleviate or even stop the 
death of brain cells in conditions like Alzheimer’s and the 
symptoms that are associated with it41.

3.11 Galanthus nivalis L. 
(Amaryllidaceae)

Galanthamine is the main component of the plant 
Galanthus nivalis. Recently approved as a viable therapy 
option for AD are acetylcholinesterase (AChE) inhibitors, 

often known as “anticholinesterase medicines”41. It is 
an isoquinoline alkaloid that can cross the blood-brain 
barrier which inhibits the acetylcholinesterase enzyme 
and increases the cholinergic neurotransmission which 
thereby helps in the treatment of AD.

3.12 Commiphora wighitti (Burseraceae)
The main component of guggulipid, guggulsterone, can be 
found in the plant resin Commiphora wighitti (Guggulu). 
Guggulipid is seen to strengthen memory56. Commiphora 
wighitti affects choline acetyltransferase levels of the brain 
and impairs cognition. Commiphora wighitti exhibits the 
greatest effects on memory capabilities and dementia 
disorder risk. It acts on the hippocampus region of the 
brain by lowering the choline acetyltransferase levels41.

3.13 Lipidium Meyenii Walp 
(Brassicaceae)

Lipidium Meyenii, or Maca, exhibits positive memory and 
learning development. It shows  antioxidant activity and 
also acts as an acetylcholinesterase inhibitor. Literature 
reveals that black maca improves memory and cognition 
in ovariectomized mice as it has the capacity to lower 
down lipid peroxidation along with acetylcholinesterase41.

3.14 Angelica archangelica L. 
(Dudhachoraa)

Numerous compounds found in the plant Angelica 
archangelica of the family Umbelliferae, show similar 
effects to those seen in Alzheimer’s disease medications41. 
Angelica archangelica has the same phytochemicals that 
help improve blood flow in the brain. It shows inhibitory 
effect on AChE57.

3.15 Tinospora cordifolia L. 
(Menispermaceae)

Tinosporine, tinosporide, tinosporaside, cordifolide, 
cordifol, heptacosanol, 8-hydroxytinosporide and 
tinosporidine are some of the main phytochemicals 
found in Tinospora cordifolia. When given to animals 
with memory issues, Tinospora cordifolia has the ability to 
improve their memory. The production of acetylcholine 
and immunostimulation are the mechanisms through 
which Tinospora cordifolia enhances memory58. Its 
treatment improves cognitive function in AD patients59. 
It prevents oxidative stress and acts as an antioxidant. It 
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also increases the regulation of cytokines and lowers the 
breakdown of amines, therefore, preventing AD.

3.16 Magnolia officinalis L. 
(Magnoliaceae)

Magnolia officinalis has been proven to release 
acetylcholine from the hippocampus as well as to 
increase the effects of choline acetyltransferase and block 
acetylcholine cleavage. It contains 4-O-methyl honokiol 
which inhibits β-secretase thus inhibiting the formation 
of Aβ from APP. It shows antioxidant properties in vivo. 
It also contains magnolol which exhibits neuroprotective 
effects in vitro. Additionally, the substance seems to have 
an anti-inflammatory and antioxidant activity which is 
crucial in AD and other neurodegenerative problems59.

3.17 Collinsonia Canadensis L. 
(Lamiaceae)

Collinsonia canadensis is also known as Horsebalm. Its 
main chemical components, carvacrol, and thymol, are 
used to treat AD. It has been suggested that horsebalm can 
stop acetylcholine from degrading. Normally, the blood-
brain barrier in our bodies works to keep potentially 
hazardous substances from entering the brain tissues. 
It may, however, also stop beneficial medications from 
getting to the brain. Horsebalm chemicals appear to 
bridge that wide gap and thus can cross the BBB59. It acts 
by inhibiting the acetylcholinesterase enzyme thereby 
preventing the breakdown of acetylcholine in AD.

3.18 Bertholettia excelsa L. 
(Lecythidaceae)

Lecithin is present in significant concentrations in 
Bertholettia exelsa along with selenium60. Lecithin, 
which contains choline, is present in large quantities in it. 
Acetylcholine can be produced from choline. Acetylcholine 
levels in AD patients are raised by these building blocks. 
Therefore, an increased amount of acetylcholine prevents 
the progression of AD. Lecithin, which contains choline, 
is present in large quantities in it. Acetylcholine can be 
produced from choline. Acetylcholine levels in AD 
patients are raised by this building blocks59. 

3.19 Urtica dioica L. (Clusiaceae)
It is also known as Common nettle or stinging nettle and 
is found in the roots, stems, and leaves of Urtica dioica 

belonging to the family Urticaceae. Urtica dioica consists 
of boron, which elevates the body’s estrogen which is good 
for recognition. Therefore, it is demonstrated to improve 
certain Alzheimer’s sufferers’ moods61. It contains ursolic 
acid and quercetin which acts as an antioxidant thereby 
lowering the oxidative stress in an AD patient.

3.20 Withania somnifera L. (Solanaceae)
Withania somnifera (Ashawgandha) also known as Indian 
ginseng is the most eminent herbal plant in Alzheimer’s as 
it acts as a nerve tonic62. It contains active withanolides, 
withasomniferins, withasomniferols, withanone, 
withaferin63 which indicates a strong antioxidant activity 
and a free radical scavenging activity64 by boosting 
the activities of catalase, glutathione peroxidase, and 
superoxide dismutase. Additionally, ashwagandha is said 
to be a nerve tonic that revitalizes cells and increases 
energy65. A colorimetric approach based on Ellman’s 
reaction,  in previous research shows the amount of 
cholinesterase inhibition by Withania somnifera59.

3.21 Nepeta obtusicrena (Lamiaceae)
The bioactive constituents present in Nepeta obtusicrena 
in oleanolic acid and ursolic acid. It shows antioxidant 
properties and also inhibits lipid peroxidation. It contains 
diterpene and triterpenes which inhibits the AChE and 
BChE enzymes present in the brain therefore it is also 
used in the treatment of Alzheimer’s Disease66. 

3.22 Thespesia populnea (Malvaceae)
It contains Kaempferol, β sitosterol, gossypetin, and 
Quercetin. The plant shows the presence of tannins, 
alkaloids, phenols, flavonoids, saponins terpenes, 
lupenone, and Quercetin. It shows antioxidant properties 
therefore it increases the amount of Glutathione 
Peroxidase, Glutathione-s-transferase and decreases 
the amount of lipid peroxidation. It shows memory-
enhancing properties and thus is used in lowering the 
progression of AD67.

3.23 Lawsonia inermis (Lythraceae)
Lawsonia inermis shows acetylcholinesterase and selective 
butyrylcholinesterase inhibition. It acts as an antioxidant by 
scavenging the free radicals. It contains β-sitosterol along 
with 3-O-β-acetyloleanolic acid and oleanolic acid which 
are the most potent inhibitor of butyrylcholinesterase. 
Other constituents present in Lawsonia inermis are 
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3-O-(Z)-coumaroyl, oleanolic acid and betulinic acid. Its 
metal-chelating ability and antioxidant property helps in 
slowing down the progression of AD68.

3.24 Crataegus oxyacantha (Rosaceae)
It is proven that Crataegus oxyacantha has 
anticholinesterase activity. It is also very well known 
for its antioxidant property in the treatment of AD. The 
constituents present in C. oxyacantha are β-sitosterol-
3-O-β-D-Glucopyranoside, lupeol, β-sitosterol, betulin, 
betulinic acid, oleanolic acid, and chrysin. The combination 
of the antioxidant and cholinesterase inhibition activity 
of this herbal plant is considered the major target in the 
treatment of AD69.

3.25 Ficus carica L. (Moraceae)
It is useful for the improvement of cognitive and behavioral 
deficits in Alzheimer’s disease. Parts of Ficus carica L. like 
fruit contain coumarin, anthocyanin, and hydrocarbon 
which show antioxidant property thus act by scavenging 
the free radicals. The leaves and latex contain sterol and 
triterpenoids like β-sitosterol and 6-O-Linoleyl-β-D-
glucosyl-β-sitosterol which helps in the treatment of 
AD70.

3.26 Aquilegia pubiflora Wall. 
(Ranunculaceae)

Aquilegia pubiflora Wall.  contains flavonoids, terpenoids, 
and phenols which shows anti-Alzheimer property and 
acts as antioxidants. The free radical scavenging activity of 
the plant helps in the treatment of AD. The in vitro studies 
also prove that the leaf extract of Aquilegia pubiflora Wall. 
shows acetylcholinesterase and butyrylcholinesterase 
inhibition71.

3.27 Polygonum hydropiper L. 
(Polygonaceae)

The in vitro studies show the presence of β sitosterol in 
Polygonum hydropiper L. β sitosterol exhibited strong 
anticholinesterase properties and also corrects the 
behavioral deficits. It can cross the blood-brain barrier 
and accumulate in the brain, therefore, inhibiting 
acetylcholinesterase and attenuating the deficit in memory 
and behavior. Polygonum hydropiper L. also shows the 
presence of antioxidants which act by scavenging the free 
radicals in the brain and decelerating the progression of 
AD72.

3.28 Crocus sativus L. (Iridaceae)
Crocus sativus L. commonly known as saffron. The stigma 
of saffron contains safranal, flavonoids, crocin, crocetin, 
picrocrocin and kaempferol. The antioxidant property 
of Crocus sativus L. is due to the presence of bioactive 
constituents like safranal, crocin, and picrocrocin. 
Crocetin helps in the inhibition of lipid peroxidation 
and lowing A42 in monocytes in AD patients. It can also 
prevent the accumulation of β amyloid in the brain73. 
Table 1 includes the bioactive substances present in 
various plants along with their mechanism of action.

4.  β Sitosterol as Neuroprotective
β sitosterol, a plant sterol, is a substance with a structure 
like that of cholesterol found in vegetables, fruits, nuts 
etc82. Medical research on β sitosterol has been intensively 
investigated83 and it is found that it shows antioxidant 
activity84. Its chemical structure is similar to that of 
cholesterol85. In the context of this, natural chemicals, 
particularly flavonoids, are prospective lead ingredients 
for creating powerful medications to fight AD13. 
Through the BBB, dietary phytosterols can aggregate in 
the brain tissue and may have an impact on cognitive 
performance86. The shear pattern of APP is altered by 
β sitosterol, suggesting that it may  be used as an AD 
treatment87 as it also inhibits high cholesterol-induced 
platelet β amyloid release88. Phytosterols are extensively 
found in plants, fungi, and animals. β sitosterol also has 
dietary benefits and has a number of positive effects on 
health and disease prevention89.

Some significant plant sources of this compound are 
mentioned below. There are numerous plant families from 
which β sitosterol and its components are derived, and the 
plants given below describe some well-known sources90.

β sitosterol is found in Salvia officinalis91. Ginkgo 
biloba L. leaves contain potential  compounds called 
polyphenols that are isolated from lipids (GBL). By using 
petroleum ether extraction, saponification, and molecular 
distillation, ginkgo lipids are purified and determined by 
Nuclear Magnetic Resonance. β sitosterol is also isolated 
from Acorus calamus92. The presence of stigmasterol 
and β sitosterol is also encountered in the Panax ginseng 
roots which are measured using improved analytical 
technique93. HPTLC, a densiometric approach is used 
to measure phenolic compounds and terpenoids like β 
sitosterol in Convolvulus pluricaulis94. When the flowers 
of Matricaria recutita L. (Asteraceae) are hydrodistilled, 
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Table 1. Potential bioactive substances used in the treatment of alzheimer9,44

Plant/Botanical 
Name

Structure Bioactive Substance M.O.A.

Curcuma longa 
(Turmeric)

O O
HO OH

O O
H3C CH3

Curcumin Inhibits beta-amyloid, 
phosphorylation of tau protein, 
α-secretase.

Huperzia serrata 

H3C

NH2

O
H
N

CH3

 

Huperzine A Inhibits the formation of 
beta-amyloid from amyloid 
precursor protein.

Acorus calamus OH
O

Eugenol Inhibits Aβ-induced Ca2+ 
intake

Ginkgo biloba

OO

O

OH

OH
CH3

O

OH
HO

HO HO

O

O

OH

OH

OH
HO

Rutin Attenuates Aβ25–35 induced 
apoptosis.
Inhibits Aβ42 fibrillization 
and attenuates Aβ42-induced 
cytotoxicity dose-dependently

Salvia officinalis

HO

HO

O

O

OHOHO

OH

Rosmarinic acid Inhibits phosphorylation of 
tau, peroxidation of lipids, and 
production of free radicals 
along with activation of 
caspase 3.

Melissa officinalis

O
OH

H2C
CH2

H3C

4-O-methylhonokiol Inhibits the formation of beta-
amyloid and the death of nerve 
cells.
Inhibits the production of free 
radicals.

Panax ginseng

OH

O
O

HO HO

HO

HO

OH

O

O

OH

OH

OH
O

HO

O OH

OH
HO

Ginsenoside Re Reduce β amyloid-induced cell 
death



734 The Potential of Herbal Plants and Bioactive β Sitosterol in Circumventing Alzheimer’s Disease – A Review

Journal of Natural Remedies | ISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 23 (3) | July 2023

Plant/Botanical 
Name

Structure Bioactive Substance M.O.A.

Withania 
somnifera

OH

O

O

O

OH

OH

OH

OH

O

OH

HO

N
H

N
H

O

OH

Withanamide Inhibits reactive oxygen species

Rosmarinus 
officinalis OH

OH

OHO

Carnosic acid Increase cognition by 
maintaining healthy nerve cells 
of the brain.

Urtica dioica CH3H3C

CH3 CH3

HO
CH3

COOH

CH3

CH3

O OH

OHO

HO

OH
HO

Ursolic acid

Quercetin

Improves free radical 
scavenging activity.
Inhibits peroxidation of lipid 
along with reactive nitrogen 
species.
Increase the amount of 
dopamine.
Restore GSH and reduce 
cytokines.

Tinospora 
cordifolia 
(Guduchi) O

O
O

H

H

H

H

H

H H

H

H

O

O

O

HO
 

Tinosporide
8-hydroxytinosporide

Increase the amount of 
dopamine and decrease iron.
Reduce the level of free 
radicals.

Table 1 to be continued...



735

Journal of Natural Remedies | ISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 23 (3) | July 2023

Apoorva Mishra, Saumya Das, Soni Kumari, Anmol Kanda and Vishnu Prabhakar

Plant/Botanical 
Name

Structure Bioactive Substance M.O.A.

 Glycrhiza glabra 
(Yasti madhu)

OH

OH

O

HO

OH
O

O

OH

HO

O
O

OH

O

HO O

Glycyrrhizin/
Glycyrrhizic acid
Isoliquiritin

Suppress microglia activation 
and proinflammatory cytokine 
production (MCAO).

Convolvulus 
pluricaulis 
(Shankhapushpi)

O

O

O

O

N
CH3

H3C
CH3

Convolamine

OO

O
CH3

OH

Scopoletin

Convolamine
Scopoletin

Restore antioxidant and various 
apoptotic indicators.
Inhibits generation of ROS.
Alteration in the membrane  
of mitochondria by 
depolarizing it.

Bertholletia 
excelsa

Se Selenium Shows high antioxidant activity
Inhibits lipid peroxidation and 
scavenged DPPH radicals in 
vitro74.

Collinsonia 
canadensis L.
Root extract

CH3

OH

H3C

CH3

Thymol Prevent the breakdown of 
acetylcholine via inhibition of 
acetylcholinesterase75.

Magnolia 
officinalis

OH
O

H3C

H2C
CH2

4-O-methylhonokiol Inhibit β-secretase thus 
inhibiting the formation of Aβ 
from APP76.

Angelica 
archangelica

CH3

OO O
O CH3

Imperatorin 
(8-isopentenyloxypsoralen)

Inhibitory effect on AChE77.

Table 1 to be continued...
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Plant/Botanical 
Name

Structure Bioactive Substance M.O.A.

Commiphora 
whighitti 
(Burseraceae)

O
O

Guggulsterone78 Reduce acetylcholinesterase 
contents in the hippocampus79.

Galanthus nivalis 
(the snowdrop)80

O
N

OH

O

Galanthamine Shows acetylcholinesterase 
activity.
Penetrates the blood-brain 
barrier readily and inhibits 
central cholinesterase81.

Matricaria 
recutita

H3C

H3C

CH3

Chamazulene Acts against free radicals57.

Nepeta 
obtusicrena

CH3H3C

CH3 CH3

HO
CH3

COOH

CH3

CH3

Ursolic acid Shows antioxidant property 
thereby acts as a free radical 
scavenger
Inhibits lipid peroxidation. 
Inhibits AChE and BChE 
enzymes. 

Thespesia 
populnea

OH

HO O

O
OH

OH

Kaempferol
O OH

OHO

HO

OH
HO

Quercetin

Kaempferol
Quercetin

Shows antioxidant properties.
Increases the amount of 
Glutathione Peroxidase, 
Glutathione-s-transferase.
Inhibits lipid peroxidation.

Table 1 to be continued...
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Plant/Botanical 
Name

Structure Bioactive Substance M.O.A.

Lawsonia 
inermis

HOOC

OH

Betulinic acid

CH3

CH3

H

H3C
OH

H3C

H

H3C CH3

HO

O

H3C

Oleanolic acid

Betulinic acid
Oleanolic acid

Acts as acetylcholinesterase and 
selective butyrylcholinesterase 
inhibitor.
It acts as an antioxidant by 
scavenging the free radicals. 

Crataegus 
oxyacantha

H

OH

H

H

H

Lupeol

OHO

O OH

Chrysin

Lupeol
Chrysin
Betulinic acid
Oleanolic acid

Shows anticholinesterase 
activity.
Acts as an antioxidant.

Ficus carica L.

O O
Coumarin

Coumarin, anthocyanin, 
and hydrocarbon
β-sitosterol and 
6-O-Linoleyl-β-D-
glucosyl-β-sitosterol

Acts as a free radical scavenger.

Table 1 to be continued...
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an essential oil is produced. Organic solvent extraction 
results in the production of a β sitosterol95. Glycyrrhiza 
glabra also depicts the existence of β sitosterol which 
is present in its roots96. β sitosterol was found to be the 
main steroid in Lipidium meyenii Walp97. T. cordifolia also 
contains β sitosterol which is best shown in its petroleum 
ether extract98. The Brazil nut has intriguing antioxidant 
and anti-cholesterol characteristics as it shows elevated 
amounts of unsaturated fatty acids, alpha-tocopherol and 
beta-sitosterol99. The chromatographic findings showed 
that caffeic acid, chlorogenic acid, β sitosterol, and 
stigmasterol were present in Urtica dioica100. From the 
roots of Withania somnifera, β sitosterol along with other 
phytosterols are isolated101.

Oxyphytosterols can be produced as a result of their 
susceptibility to oxidation by reactive oxygen species 
like ozone102. β sitosterol is also used as pharmaceutical 
product and is regarded as reliable and a possible 
nutritional supplement with no harmful side effects89. 
Different neuroprotective and antioxidant effects of β 
sitosterol were found in several investigations. Following 
β sitosterol therapy, the amount of total glutathione 
shows that it may be a potent free radical scavenger. 
Additionally, when β sitosterol is fused into the cell 
membranes it helps in lowering the free radicals and also 
decreases the peroxidation of lipids caused due to the 
presence of glucose oxidase, which has beneficial effects 
on neurodegenerative diseases like AD13.

Plant/Botanical 
Name

Structure Bioactive Substance M.O.A.

Aquilegia 
pubiflora Wall. HOOC OH

HO
Resorcylic acid

OH

O
CH3HO

O
Ferulic acid

Resorcylic acid
Ferulic acid

Shows antioxidant property 
and thus acts as a free radical 
scavenger.
Inhibits acetylcholinesterase 
and butyrylcholinesterase.

Polygonum 
hydropiper L.

HO

CH3

CH3

CH3

H3C CH3

CH3

β sitosterol Exhibits strong 
anticholinesterase properties.
Correct behavioral deficits.
Inhibits acetylcholinesterase 
and acts as an antioxidant.

Crocus sativus L.

H O

CH3

H3C

H3C

Safranal

O

CH3 OCH3

CH3 CH3

Crocetin

Safranal
Crocetin

Shows antioxidant property 
Inhibits lipid peroxidation.
Lowers A42 in monocytes.
Prevent the accumulation of β 
amyloid in the brain.

Table 1 to be continued...
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According to research, β sitosterol has the ability 
to cross the BBB and aggregates in the cerebrum thus 
altering cognizance. This allows it to prevent esterase 
from degrading ACh, which lessens the memory and 
behavior deficit. The capacity of β sitosterol to scavenge 
free radicals in addition to inhibiting cholinesterase helps 
in AD therapy and other neurological illnesses. β sitosterol 
corrects behavioral anomalies in a variety of memory tests 
and also enhances motor coordination.

AD is characterized by the presence of amyloid 
plaque, NFTs along with the death of nerve cells. In the 
hippocampus of AD mice, there is increased beta-amyloid 
plaque formation and impaired neuronal function, which 
is associated with memory loss. β sitosterol has the ability 
to cross the BBB103,104 and suppress the synthesis of β 
amyloid due to which the progression of AD decelerates105.

Numerous studies indicate that sitosterol shows 
immunomodulatory, lipid-lowering as well as antioxidant 
properties along with antinociceptive, anxiolytic, and 
sedative effects106.

β sitosterol is biosynthesized in a variety of ways 
by different organisms, although it typically follows 
the mevalonate pathway. Dimethylallyldiphosphate 
and isopentenyl diphosphate combine to create 
farnesyl diphosphate, according to the biosynthesis 
mechanism of sitosterol that was examined using the 
13C-labeling method. Squalene, a triterpene, is then 
created by the fusion of two farnesyl diphosphate 
molecules. Cycloartenol, produced by the enzyme 
cycloartenol synthase from squalene, is a key precursor 
for the biosynthesis of sterols. After that, methylation 
transforms cycloartenol into 24-methylene cycloartenol. 
Then, it undergoes a number of enzymatic processes to 
become 24-methylenelophenol. It is converted from 
24-methylenelophenol to 24-ethylenelophenol and then 
to fucosterol and subsequently β sitosterol89.

β sitosterol shows  potent anticholinesterase activity 
both in vitro and in vivo. It also improves behavioral 
impairments, with results that were on par with those 
of conventional medication. According to the potential 
positive effects provided by β sitosterol, it can inhibit the 
breakdown of acetylcholine and lessen the deficiency 
in behavior and memory107. β sitosterol increases 
ROS scavengers catalytically and non-catalytically80. It 
decreases the level of free radicals and peroxidation of 
lipids, demonstrating the compound’s beneficial effects 
on neurological diseases107.

According to reports, a number of substances derived 
from natural sources have high antioxidant properties and 
can be utilized as secure free radical scavengers. β sitosterol 
shows antioxidant properties by scavenging ROS. Further 
evidence for the anticholinesterase effect of β sitosterol 
comes from in silico studies where β sitosterol inhibited 
AChE and BChE activity by binding to their site of action. 
It scavenges free radicals and inhibits cholinesterase and 
in addition to reducing behavioral deviations in a variety 
of memory tests and it also enhances balance and motor 
performance in AD patients107.

β sitosterol acts on the cholinergic receptors due 
to which they are stimulated and the level of ACh is 
sustained in the synaptic cleft for a longer period of 
time. An increased sitosterol’s cholinergic transmission 
is anticipated to have beneficial effects on AD memory 
recovery and on the prevention of free radical-induced 
neurotoxicity in aged brains108.

5. Conclusion
Herbal drugs have the ability to combat Alzheimer which 
has offered hope for new medication sources. They act 
by inhibiting acetylcholinesterase, escalating free radical 
scavengers, inhibiting the production of beta-amyloid 
from amyloid precursor protein along with activating 
other inhibitory pathways to combat Alzheimer’s. To 
improve cognition and slow down the progression 
of Alzheimer, a number of natural compounds are 
utilized either alone or in conjunction with additional 
neuroprotective medicines. Phytochemical-based 
therapies for cognitive deficiency may show promise in 
human clinical trials as they show fewer side effects than 
other chemical-based drugs. In Alzheimer’s and variant 
neurodegenerative diseases, herbs may indicate the 
potential. They are less toxic than pharmaceutical agents, 
which is one of their main advantages. The potential 
efficacy of β sitosterol against several  AD pathogenic 
targets was evaluated in the current article. It is found that 
β sitosterol shows  powerful anti-cholinesterase and 
antioxidant properties. It  helps  people with cognitive 
impairments, short-term memory problems, and 
locomotor limitations. Studies conducted in living 
organisms showed that beta-sitosterol effectively reaches 
the brain, inhibits cholinesterase metabolism-related 
enzymes, and acts as a free radical scavenger.



740 The Potential of Herbal Plants and Bioactive β Sitosterol in Circumventing Alzheimer’s Disease – A Review

Journal of Natural Remedies | ISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 23 (3) | July 2023

6. Acknowledgment
Authors would like to acknowledge expressing our 
sincere gratitude and warmest thanks to the management 
of the Noida Institute of Engineering and Technology, 
(Pharmacy Institute) for immense support, motivation, 
enthusiasm, and knowledge.

7. References
 1. Jacquemont T, De Vico Fallani F, Bertrand A, 

Epelbaum S, Routier A, Dubois B, et al. Amyloidosis 
and neurodegeneration result in distinct 
structural connectivity patterns in mild cognitive 
impairment. Neurobiol Aging. 2017; 55:177-
89. PMID 28457579. https://doi.org/10.1016/j.
neurobiolaging.2017.03.023

 2. Huang Y, Mucke L. Alzheimer mechanisms and 
therapeutic strategies. Cell. 2012; 148(6):1204-
22. PMID 22424230. https://doi.org/10.1016/j.
cell.2012.02.040

 3. Więckowska A, Kołaczkowski M, Bucki A, Godyń 
J, Marcinkowska M, Więckowski K, et al. Novel 
multi-target-directed ligands for Alzheimer’s 
disease: combining cholinesterase inhibitors and 
5-HT6 receptor antagonists. Design, synthesis, and 
biological evaluation. Eur J Med Chem. 2016; 124:63-
81. PMID 27560283. https://doi.org/10.1016/j.
ejmech.2016.08.016

 4. Aprahamian I, Stella F, Forlenza OV. New treatment 
strategies for Alzheimer’s disease: Is there hope? 
Indian J Med Res. 2013; 138(4):449-60. PMID 
24434253. 

 5. Ma SL, Pastorino L, Zhou XZ, Lu KP. Prolyl isomerase 
Pin1 promotes Amyloid Precursor Protein (APP) 
turnover by inhibiting Glycogen Synthase Kinase-3β 
(GSK3β) activity: A novel mechanism for Pin1 to 
protect against Alzheimer’s disease. J Biol Chem. 
2012; 287(10):6969-73. PMID 22184106. https://doi.
org/10.1074/jbc.C111.298596 

 6. Barnes DE, Yaffe K. The projected effect of risk 
factor reduction on Alzheimer’s disease prevalence. 
Lancet Neurol. 2011; 10(9):819-28. PMID 21775213. 
https://doi.org/10.1016/S1474-4422(11)70072-2

 7. Bateman RJ. Amyloid-beta production and 
clearance rates in Alzheimer’s disease. J Alzheimers 
Assoc. 2010; 6(4):S101. https://doi.org/10.1016/j.
jalz.2010.05.318

 8. Guerreiro R, Bras J. The age factor in Alzheimer’s 
disease. Genome Med. 2015; 7(1):106. PMID 
26482651. https://doi.org/10.1186/s13073-015-0232-5

 9. Perrig WJ, Perrig P, Stähelin HB. The relation 
between antioxidants and memory performance 
in the old and very old. J Am Geriatr Soc. 1997; 
45(6):718-24. PMID 9180666. https://doi.
org/10.1111/j.1532-5415.1997.tb01476.x

10. Berr C. Cognitive impairment and oxidative stress 
in the elderly: results of epidemiological studies. 
BioFactors. 2000; 13(1-4):205-9. PMID 11237183. 
https://doi.org/10.1002/biof.5520130132

11. Ravi KS, Narasingappa Ramesh B, Shilpa Kj, Poyya J, 
Karanth J, Raju NG, Joshi CG. Neuroprotective role 
of herbal alternatives in circumventing Alzheimer’s 
disease through multi-targeting approach-a review. 
Egyptian Journal of Basic and Applied Sciences. 
2022; 9(1):91-124. https://doi.org/10.1080/23148
08X.2021.2021749

12. Zhang LH, Wang X, Stoltenberg M, Danscher G, 
Huang L, Wang ZY. Abundant expression of zinc 
transporters in the amyloid plaques of Alzheimer’s 
disease brain. Brain Res Bull. 2008; 77(1):55-
60. PMID 18639746. https://doi.org/10.1016/j.
brainresbull.2008.03.014

13. Ayaz M, Junaid M, Ullah F, Subhan F, Sadiq A, Ali 
G, et al. Anti-Alzheimer’s studies on β-sitosterol 
isolated from Polygonum hydropiper L. Front 
Pharmacol. 2017; 8:697. PMID 29056913. https://
doi.org/10.3389/fphar.2017.00697

14. Gómez-Isla T, Price JL, McKeel Jr DW, Morris JC, 
Growdon JH, Hyman BT. Profound loss of layer 
II entorhinal cortex neurons occurs in very mild 
Alzheimer’s disease. J Neurosci. 1996; 16(14):4491-
500. PMID 8699259. https://doi.org/10.1523/
JNEUROSCI.16-14-04491.1996

15. Palop JJ, Chin J, Mucke L. A network dysfunction 
perspective on neurodegenerative diseases. Nature. 
2006; 443(7113):768-73. PMID 17051202. https://
doi.org/10.1038/nature05289

16. Bertram L, Lill CM, Tanzi RE. The genetics of 
Alzheimer’s disease: back to the future. Neuron. 
2010; 68(2):270-81. PMID 20955934. https://doi.
org/10.1016/j.neuron.2010.10.013

17. Reitz C, Brayne C, Mayeux R. Epidemiology of 
Alzheimer’s disease. Nat Rev Neurol. 2011; 7(3):137-
52. PMID 21304480. https://doi.org/10.1038/
nrneurol.2011.2

18. Sayre LM, Zelasko DA, Harris PL, Perry G, 
Salomon RG, Smith MA. 4hydroxynonenal‐derived 
advanced lipid peroxidation end products are 
increased in Alzheimer’s disease. J Neurochem. 
1997; 68(5):2092-7. PMID 9109537. https://doi.
org/10.1046/j.1471-4159.1997.68052092.x

https://doi.org/10.1016/j.neurobiolaging.2017.03.023
https://doi.org/10.1016/j.neurobiolaging.2017.03.023
https://doi.org/10.1016/j.cell.2012.02.040
https://doi.org/10.1016/j.cell.2012.02.040
https://doi.org/10.1016/j.ejmech.2016.08.016
https://doi.org/10.1016/j.ejmech.2016.08.016
https://doi.org/10.1074/jbc.C111.298596
https://doi.org/10.1074/jbc.C111.298596
https://doi.org/10.1016/S1474-4422(11)70072-2
https://doi.org/10.1016/j.jalz.2010.05.318
https://doi.org/10.1016/j.jalz.2010.05.318
https://doi.org/10.1186/s13073-015-0232-5
https://doi.org/10.1111/j.1532-5415.1997.tb01476.x
https://doi.org/10.1111/j.1532-5415.1997.tb01476.x
https://doi.org/10.1002/biof.5520130132
https://doi.org/10.1080/2314808X.2021.2021749
https://doi.org/10.1080/2314808X.2021.2021749
https://doi.org/10.1016/j.brainresbull.2008.03.014
https://doi.org/10.1016/j.brainresbull.2008.03.014
https://doi.org/10.3389/fphar.2017.00697
https://doi.org/10.3389/fphar.2017.00697
https://doi.org/10.1523/JNEUROSCI.16-14-04491.1996
https://doi.org/10.1523/JNEUROSCI.16-14-04491.1996
https://doi.org/10.1038/nature05289
https://doi.org/10.1038/nature05289
https://doi.org/10.1016/j.neuron.2010.10.013
https://doi.org/10.1016/j.neuron.2010.10.013
https://doi.org/10.1038/nrneurol.2011.2
https://doi.org/10.1038/nrneurol.2011.2
https://doi.org/10.1046/j.1471-4159.1997.68052092.x
https://doi.org/10.1046/j.1471-4159.1997.68052092.x


741

Journal of Natural Remedies | ISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 23 (3) | July 2023

Apoorva Mishra, Saumya Das, Soni Kumari, Anmol Kanda and Vishnu Prabhakar

19. Lovell MA, Ehmann WD, Butler SM, Markesbery 
WR. Elevated thiobarbituric acid-reactive substances 
and antioxidant enzyme activity in the brain in 
Alzheimer’s disease. Neurology. 1995; 45(8):1594-
601. PMID 7644059. https://doi.org/10.1212/
WNL.45.8.1594

20. Singhal A, Bangar O, Naithani V. Medicinal plants 
with a potential to treat Alzheimer’s and associated 
symptoms. Int J Nutr Pharmacol Neurol Dis. 2012; 
2(2):84. https://doi.org/10.4103/2231-0738.95927

21. Smith MA, Taneda S, Richey PL, Miyata S, Yan 
SD, Stern D, et al. Advanced Maillard reaction 
end products are associated with Alzheimer’s 
disease pathology. Proc Natl Acad Sci U S A. 
1994; 91(12):5710-4. PMID 8202552. https://doi.
org/10.1073/pnas.91.12.5710

22. Gsell W, Conrad R, Hickethier M, Sofic E, 
Frölich L, Wichart I, et al. Decreased catalase 
activity but unchanged superoxide dismutase 
activity in brains of patients with dementia  
of Alzheimer type. J Neurochem. 1995; 64(3): 
1216-23. PMID 7861154. https://doi.org/10.1046/
j.1471-4159.1995.64031216.x

23. Smith MA, Richey Harris PLR, Sayre LM, Beckman 
JS, Perry G. Widespread peroxynitrite-mediated 
damage in Alzheimer’s disease. J Neurosci. 
1997; 17(8):2653-7. PMID 9092586. https://doi.
org/10.1523/JNEUROSCI.17-08-02653.1997

24. Gabbita SP, Lovell MA, Markesbery WR. 
Increased nuclear DNA oxidation in the brain 
in Alzheimer’s disease. J Neurochem. 1998; 
71(5):2034-40. PMID 9798928. https://doi.
org/10.1046/j.1471-4159.1998.71052034.x

25. Montine TJ, Amarnath V, Martin ME, Strittmatter 
WJ, Graham DG. E-4-hydroxy-2-nonenal is 
cytotoxic and cross-links cytoskeletal proteins in P19 
neuroglial cultures. Am J Pathol. 1996; 148(1):89-
93. PMID 8546230. 

26. Sayre LM, Zelasko DA, Harris PL, Perry G, 
Salomon RG, Smith MA. 4-hydroxynonenal-
derived advanced lipid peroxidation end products 
are increased in Alzheimer’s disease. J Neurochem. 
1997; 68(5):2092-7. PMID 9109537. https://doi.
org/10.1046/j.1471-4159.1997.68052092.x

27. Smith CD, Carney JM, Starke-Reed PE, Oliver CN, 
Stadtman ER, Floyd RA, et al. Excess brain protein 
oxidation and enzyme dysfunction in normal aging 
and in Alzheimer disease. Proc Natl Acad Sci U S A. 
1991; 88(23):10540-3. PMID 1683703. https://doi.
org/10.1073/pnas.88.23.10540

28. Collins AR, Dusinská M, Gedik CM, Stĕtina 
R. Oxidative damage to DNA: do we have a 
reliable biomarker? Environ Health Perspect. 
1996; 104(3):465-9. PMID 8781365. https://doi.
org/10.1289/ehp.96104s3465

29. Smith MA, Rudnicka-Nawrot M, Richey PL, 
Praprotnik D, Mulvihill P, Miller CA, et al. 
Carbonyl-related posttranslational modification 
of neurofilament protein in the neurofibrillary 
pathology of Alzheimer’s disease. J Neurochem. 
1995; 64(6):2660-6. PMID 7539057. https://doi.
org/10.1046/j.1471-4159.1995.64062660.x

30. Smith MA, Sayre LM, Monnier VM, Perry G. Radical 
AGEing in Alzheimer’s disease. Trends Neurosci. 
1995; 18(4):172-6. PMID 7778188. https://doi.
org/10.1016/0166-2236(95)93897-7

31. Sharma R, Kuca K, Nepovimova E, Kabra A, Rao 
MM, Prajapati PK. Traditional Ayurvedic and 
herbal remedies for Alzheimer’s disease: from bench 
to bedside. Expert Rev Neurotherapeutics. 2019; 
19(5):359-74. PMID 30884983. https://doi.org/10.1
080/14737175.2019.1596803

32. Ye JY, Li L, Hao QM, Qin Y, Ma CS. β-sitosterol 
treatment attenuates cognitive deficits and prevents 
amyloid plaque deposition in amyloid protein 
precursor/presenilin 1 mice. Korean J Physiol 
Pharmacol. 2020; 24(1):39-46. PMID 31908573. 
https://doi.org/10.4196/kjpp.2020.24.1.39

33. Akhondzadeh S, Abbasi SH. Herbal medicine in the 
treatment of Alzheimer’s disease. Am J Alzheimers Dis 
Other Demen. 2006; 21(2):113-8. PMID 16634467. 
https://doi.org/10.1177/153331750602100211

34. Newman DJ, Cragg GM. Natural products as 
sources of new drugs over the last 25 years. J Nat 
Prod. 2007; 70(3):461-77. PMID 17309302. https://
doi.org/10.1021/np068054v

35. Abascal K, Yarnell E. Alzheimer’s disease: 
Part 2-A botanical treatment plan. Altern 
Complement Ther. 2004; 10(2):67-72. https://doi.
org/10.1089/107628004773933299 

36. Rasoanaivo P, Wright CW, Willcox ML, Gilbert 
B. Whole plant extracts versus single compounds 
for the treatment of malaria: synergy and positive 
interactions. Malar J. 2011; 10(1):S4. PMID 
21411015. https://doi.org/10.1186/1475-2875-10-
S1-S4

37. Howes MJ, Houghton PJ. Plants are used in 
Chinese and Indian traditional medicine for the 
improvement of memory and cognitive function. 
Pharmacol Biochem Behav. 2003; 75(3):513-27. 

https://doi.org/10.1212/WNL.45.8.1594
https://doi.org/10.1212/WNL.45.8.1594
https://doi.org/10.4103/2231-0738.95927
https://doi.org/10.1073/pnas.91.12.5710
https://doi.org/10.1073/pnas.91.12.5710
https://doi.org/10.1046/j.1471-4159.1995.64031216.x
https://doi.org/10.1046/j.1471-4159.1995.64031216.x
https://doi.org/10.1523/JNEUROSCI.17-08-02653.1997
https://doi.org/10.1523/JNEUROSCI.17-08-02653.1997
https://doi.org/10.1046/j.1471-4159.1998.71052034.x
https://doi.org/10.1046/j.1471-4159.1998.71052034.x
https://doi.org/10.1046/j.1471-4159.1997.68052092.x
https://doi.org/10.1046/j.1471-4159.1997.68052092.x
https://doi.org/10.1073/pnas.88.23.10540
https://doi.org/10.1073/pnas.88.23.10540
https://doi.org/10.1289/ehp.96104s3465
https://doi.org/10.1289/ehp.96104s3465
https://doi.org/10.1046/j.1471-4159.1995.64062660.x
https://doi.org/10.1046/j.1471-4159.1995.64062660.x
https://doi.org/10.1016/0166-2236(95)93897-7
https://doi.org/10.1016/0166-2236(95)93897-7
https://doi.org/10.1080/14737175.2019.1596803
https://doi.org/10.1080/14737175.2019.1596803
https://doi.org/10.4196/kjpp.2020.24.1.39
https://doi.org/10.1177/153331750602100211
https://doi.org/10.1021/np068054v
https://doi.org/10.1021/np068054v
https://doi.org/10.1089/107628004773933299
https://doi.org/10.1089/107628004773933299
https://doi.org/10.1186/1475-2875-10-S1-S4
https://doi.org/10.1186/1475-2875-10-S1-S4


742 The Potential of Herbal Plants and Bioactive β Sitosterol in Circumventing Alzheimer’s Disease – A Review

Journal of Natural Remedies | ISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 23 (3) | July 2023

PMID 12895669. https://doi.org/10.1016/S0091-
3057(03)00128-X

38. Smith JV, Luo Y. Studies on molecular mechanisms 
of Ginkgo biloba extract. Appl Microbiol Biotechnol. 
2004; 64(4):465-72. PMID 14740187. https://doi.
org/10.1007/s00253-003-1527-9 

39. Ramassamy C, Longpré F, Christen Y. Ginkgo 
biloba extract (EGb 761) in Alzheimer’s disease: 
is there any evidence? Curr Alzheimer Res. 
2007; 4(3):253-62. PMID 17627482. https://doi.
org/10.2174/156720507781077304

40. Mahadevan S, Park Y. Multifaceted therapeutic benefits 
of Ginkgo biloba L.: Chemistry, efficacy, safety, and 
uses. J Food Sci. 2008; 73(1):R14-9. PMID 18211362. 
https://doi.org/10.1111/j.1750-3841.2007.00597.x

41. Singhal A, Bangar O, Naithani V. Medicinal plants 
with a potential to treat Alzheimer’s and associated 
symptoms. Int J Nutr Pharmacol Neurol Dis. 2012; 
2(2):84. https://doi.org/10.4103/2231-0738.95927

42. Howes MR, Fang R, Houghton PJ. Effect of Chinese 
herbal medicine on Alzheimer’s disease. Int Rev 
Neurobiol. 2017; 135:29-56. PMID 28807163. 
https://doi.org/10.1016/bs.irn.2017.02.003 

43. Bihaqi SW, Singh AP, Tiwari M. Supplementation 
of Convolvulus pluricaulis attenuates scopolamine-
induced Increased Tau and Amyloid Precursor 
Protein (AβPP) Expression in Rat Brain. Indian J 
Pharmacol. 2012; 44(5):593-8. PMID 23112420. 
https://doi.org/10.4103/0253-7613.100383

44. Dubey A, Ghosh NS, Agnihotri N, Kumar A, Pandey 
M, Nishad S. Herbs-derived bioactive compounds 
and their potential for the treatment of neurological 
disorders. Clin Schizophr Relat Psychoses. 2022; 
16(2).

45. Aggarwal BB, Sundaram C, Malani N, Ichikawa H. 
Curcumin: The Indian solid gold in the molecular 
targets and therapeutic uses of curcumin in health 
and disease. 2007; 1-75. PMID 17569205. https://
doi.org/10.1007/978-0-387-46401-5_1

46. Breitner JC, Welsh KA, Helms MJ, Gaskell PC, Gau 
BA, Roses AD, et al. Delayed onset of Alzheimer’s 
disease with nonsteroidal anti-inflammatory and 
histamine H2 blocking drugs. Neurobiol Aging. 
1995; 16(4):523-30. PMID 8544901. https://doi.
org/10.1016/0197-4580(95)00049-K

47. Begum AN, Jones MR, Lim GP, Morihara T, 
Kim P, Heath DD, et al. Curcumin structure-
function, bioavailability, and efficacy in models 
of neuroinflammation and Alzheimer’s disease. J 
Pharmacol Exp Ther. 2008; 326(1):196-208. PMID 
18417733. https://doi.org/10.1124/jpet.108.137455

48. Lim GP, Chu T, Yang F, Beech W, Frautschy SA, Cole 
GM. The curry spice curcumin reduces oxidative 
damage and amyloid pathology in an Alzheimer 
transgenic mouse. J Neurosci. 2001; 21(21):8370-
7. PMID 11606625. https://doi.org/10.1523/
JNEUROSCI.21-21-08370.2001

49. Yang F, Lim GP, Begum AN, Ubeda OJ, Simmons 
MR, Ambegaokar SS, et al. Curcumin inhibits the 
formation of amyloid β oligomers and fibrils, binds 
plaques, and reduces amyloid in vivo. J Biol Chem. 
2005; 280(7):5892-901. PMID 15590663. https://doi.
org/10.1074/jbc.M404751200 

50. Zatta P, Drago D, Bolognin S, Sensi SL. Alzheimer’s 
disease, metal ions, and metal homeostatic therapy. 
Trends Pharmacol Sci. 2009; 30(7):346-55. PMID 
19540003. https://doi.org/10.1016/j.tips.2009.05.002

51. Cristóvão JS, Santos R, Gomes CM. Metals and 
neuronal metal binding proteins implicated in 
Alzheimer’s disease. Oxid Med Cell Longev. 2016; 
2016:9812178. PMID 26881049. https://doi.
org/10.1155/2016/9812178

52. Baum L, Ng A. Curcumin interaction with copper 
and iron suggests one possible mechanism of action 
in Alzheimer’s disease animal models. J Alzheimers 
Dis. 2004; 6(4):367-77. discussion 443. PMID 
15345806. https://doi.org/10.3233/JAD-2004-6403

53. Yan FS, Sun JL, Xie WH, Shen L, Ji HF. 
Neuroprotective effects and mechanisms of 
curcumin-Cu(II) and-Zn(II) complexes systems and 
their pharmacological implications. Nutrients. 2017; 
10(1):28. PMID 29283372. https://doi.org/10.3390/
nu10010028

54. Lannert H, Hoyer S. Intracerebroventricular 
administration of streptozotocin causes long-term 
diminutions in learning and memory abilities and 
in cerebral energy metabolism in adult rats. Behav 
Neurosci. 1998; 112(5):1199-208. PMID 9829797. 
https://doi.org/10.1037//0735-7044.112.5.1199

55. Ranpariya VL, Parmar SK, Sheth NR, Chandrashekhar 
VM. Neuroprotective activity of Matricaria recutita 
against fluoride-induced stress in rats. Pharm Biol. 
2011; 49(7):696-701. PMID 21599496. https://doi.
org/10.3109/13880209.2010.540249 

56. Reddy N, Rajasekhar R. Tinosphora cordifolia 
chemical constituents and medicinal properties: A 
review. Sch. Acad. J Pharmacol. 2015; 4:364-9. 

57. Tao R, Wang CZ, Kong ZW. Antibacterial/antifungal 
activity and synergistic interactions between 
polyphenols and other lipids isolated from Ginkgo 
biloba L. leaves. Molecules. 2013; 18(2):2166-
82. PMID 23434869. https://doi.org/10.3390/
molecules18022166

https://doi.org/10.1016/S0091-3057(03)00128-X
https://doi.org/10.1016/S0091-3057(03)00128-X
https://doi.org/10.1007/s00253-003-1527-9
https://doi.org/10.1007/s00253-003-1527-9
https://doi.org/10.2174/156720507781077304
https://doi.org/10.2174/156720507781077304
https://doi.org/10.1111/j.1750-3841.2007.00597.x
https://doi.org/10.4103/2231-0738.95927
https://doi.org/10.1016/bs.irn.2017.02.003
https://doi.org/10.4103/0253-7613.100383
https://doi.org/10.1007/978-0-387-46401-5_1
https://doi.org/10.1007/978-0-387-46401-5_1
https://doi.org/10.1016/0197-4580(95)00049-K
https://doi.org/10.1016/0197-4580(95)00049-K
https://doi.org/10.1124/jpet.108.137455
https://doi.org/10.1523/JNEUROSCI.21-21-08370.2001
https://doi.org/10.1523/JNEUROSCI.21-21-08370.2001
https://doi.org/10.1074/jbc.M404751200
https://doi.org/10.1074/jbc.M404751200
https://doi.org/10.1016/j.tips.2009.05.002
https://doi.org/10.1155/2016/9812178
https://doi.org/10.1155/2016/9812178
https://doi.org/10.3233/JAD-2004-6403
https://doi.org/10.3390/nu10010028
https://doi.org/10.3390/nu10010028
https://doi.org/10.1037/0735-7044.112.5.1199
https://doi.org/10.3109/13880209.2010.540249
https://doi.org/10.3109/13880209.2010.540249
https://doi.org/10.3390/molecules18022166
https://doi.org/10.3390/molecules18022166


743

Journal of Natural Remedies | ISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 23 (3) | July 2023

Apoorva Mishra, Saumya Das, Soni Kumari, Anmol Kanda and Vishnu Prabhakar

58. Awasthi M, Singh S, Pandey VP, Dwivedi UN. 
Alzheimer’s disease: An overview of amyloid 
beta dependent pathogenesis and its therapeutic 
implications along with in-silico approaches 
emphasizing the role of natural products. J Neurol 
Sci. 2016; 361:256-71. PMID 26810552. https://doi.
org/10.1016/j.jns.2016.01.008

59. Daneshmand P. Neuroprotective effects of Herbal 
Extract on rat model of Alzheimer’s disease, 
Avicemma. J Med Biotechnol. 2016; 8(3):120-5.

60. Mishra LC, Singh BB, Dagenais S. Scientific basis 
for the therapeutic use of Withania somnifera 
(Ashwagandha): A review. Altern Med Rev. 2000; 
5(4):334-46. PMID 10956379.

61. Matsuda H, Murakami T, Kishi A, Yoshikawa M. 
Structures of withanolides I, II, III, IV, V, VI, and VII, 
new withanolide glycosides, from the roots of Indian 
Withania somnifera Dunal. and inhibitory activity 
for tachyphylaxis to clonidine in isolated guinea 
pig ileum. Bioorg Med Chem. 2001; 9(6):1499-507. 
https://doi.org/10.1016/S0968-0896(01)00024-4

62. Russo A, Izzo AA, Cardile V, Borrelli F, Vanella 
A. Indian medicinal plants as antiradical and 
DNA cleavage protectors. Phytomedicine. 
2001; 8(2):125-32. PMID 11315755. https://doi.
org/10.1078/0944-7113-00021

63. Gupta GL, Rana AC. Withania somnifera 
(Ashwagandha): A review. Pharmacogn Rev. 2007; 
1(1):129-36.

64. Rita Cardoso B, Silva Bandeira V, Jacob-Filho W, 
Franciscato Cozzolino SM. Selenium status in 
elderly: relation to cognitive decline. J Trace Elem 
Med Biol. 2014; 28(4):422-6. PMID 25220532. 
https://doi.org/10.1016/j.jtemb.2014.08.009 

65. Mahomoodally MF, Dursun PD, Venugopala KN. 
Collinsonia canadensis L. In naturally occurring 
chemicals against Alzheimer’s disease. Academic 
Press; 2021; 373-7. https://doi.org/10.1016/B978-0-
12-819212-2.00031-1

66. Yilmaz A, Boga M, Topcu GÜ. Novel terpenoids 
with potential anti-alzheimer activity from Nepeta 
obtusicrena. Records of Natural Products. 2016; 
10(5):530. 

67. Suvarna CM, Sriya P, Arshad MD, Pavan K. A 
review on phytochemical and pharmacological 
properties of Thespesia populnea. Journal of Drug 
Delivery and Therapeutics. 2018; 8(4):1-4. https://
doi.org/10.22270/jddt.v8i4.1718

68. Balaei-Kahnamoei M, Saeedi M, Rastegari A, 
Shams Ardekani MR, Akbarzadeh T, Khanavi 
M. Phytochemical analysis and evaluation of 
the biological activity of Lawsonia inermis seeds 

related to Alzheimer’s disease. Evidence-Based 
Complementary and Alternative Medicine. 2021; 
2021. https://doi.org/10.1155/2021/5965061 

69. Ali M, Muhammad S, Shah MR, Khan A, Rashid 
U, Farooq U, Ullah F, Sadiq A, Ayaz M, Ali M, 
Ahmad M. Neurologically potent molecules from 
Crataegus oxyacantha; isolation, anticholinesterase 
inhibition, and molecular docking. Frontiers in 
Pharmacology. 2017; 8:327. https://doi.org/10.3389/
fphar.2017.00327

70. Hesam Shahrajabian M, Sun W, Cheng Q. A review 
of chemical constituents, traditional and modern 
pharmacology of fig (Ficus carica L.), a super fruit 
with medical astonishing characteristics. Polish 
Journal of Agronomy. 2021; 44:22-9. 

71. Jan H, Usman H, Shah M, Zaman G, Mushtaq S, 
Drouet S, Hano C, Abbasi BH. Phytochemical analysis 
and versatile in vitro evaluation of antimicrobial, 
cytotoxic, and enzyme inhibition potential of 
different extracts of traditionally used Aquilegia 
pubiflora Wall. Ex Royle. BMC Complementary 
Medicine and Therapies. 2021; 21(1):1-9. https://
doi.org/10.1186/s12906-021-03333-y

72. Ayaz M, Junaid M, Ullah F, Subhan F, Sadiq A, Ali G, 
Ovais M, Shahid M, Ahmad A, Wadood A, El-Shazly 
M. Anti-Alzheimer’s studies on β-sitosterol 
isolated from Polygonum hydropiper L. Frontiers in 
pharmacology. 2017; 8:697. https://doi.org/10.3389/
fphar.2017.00697

73. Maqbool Z, Arshad MS, Ali A, Aziz A, Khalid W, 
Afzal MF, Bangar SP, Addi M, Hano C, Lorenzo JM. 
Potential Role of Phytochemical Extract from Saffron 
in Development of Functional Foods and Protection 
of Brain-Related Disorders. Oxidative Medicine and 
Cellular Longevity. 2022; 2022:6480590. https://doi.
org/10.1155/2022/6480590 

74. Lee YJ, Choi DY, Han SB, Kim YH, Kim KH, Hwang 
BY, et al. Inhibitory effect of ethanol extract of 
Magnolia officinalis on memory impairment and 
amyloidogenesis in a transgenic mouse model 
of Alzheimer’s disease via regulating β‐secretase 
activity. Phytother Res. 2012; 26(12):1884-92. PMID 
22431473. https://doi.org/10.1002/ptr.4643

75. Sigurdsson S, Gudbjarnason S. Inhibition of 
acetylcholinesterase by extracts and constituents 
from Angelica archangelica and Geranium sylvaticum. 
Z Naturforsch C J Biosci. 2007; 62(9-10):689-93. 
PMID 18069242. https://doi.org/10.1515/znc-2007-
9-1011

76. Hassan MA, Balasubramanian R, Masoud AD, 
Burkan ZE, Sughir A, Kumar RS. Role of medicinal 
plants in neurodegenerative diseases with special 

https://doi.org/10.1016/j.jns.2016.01.008
https://doi.org/10.1016/j.jns.2016.01.008
https://doi.org/10.1016/S0968-0896(01)00024-4
https://doi.org/10.1078/0944-7113-00021
https://doi.org/10.1078/0944-7113-00021
https://doi.org/10.1016/j.jtemb.2014.08.009
https://doi.org/10.1016/B978-0-12-819212-2.00031-1
https://doi.org/10.1016/B978-0-12-819212-2.00031-1
https://doi.org/10.22270/jddt.v8i4.1718
https://doi.org/10.22270/jddt.v8i4.1718
https://doi.org/10.1155/2021/5965061
https://doi.org/10.3389/fphar.2017.00327
https://doi.org/10.3389/fphar.2017.00327
https://doi.org/10.1186/s12906-021-03333-y
https://doi.org/10.1186/s12906-021-03333-y
https://doi.org/10.3389/fphar.2017.00697
https://doi.org/10.3389/fphar.2017.00697
https://doi.org/10.1155/2022/6480590
https://doi.org/10.1155/2022/6480590
https://doi.org/10.1002/ptr.4643
https://doi.org/10.1515/znc-2007-9-1011
https://doi.org/10.1515/znc-2007-9-1011


744 The Potential of Herbal Plants and Bioactive β Sitosterol in Circumventing Alzheimer’s Disease – A Review

Journal of Natural Remedies | ISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 23 (3) | July 2023

emphasis on Alzheimer’s. Phytomedicine. 2014; 
5(6):454-62.

77. Akram M, Nawaz A. Effects of medicinal plants on 
Alzheimer’s disease and memory deficits. Neural 
Regen Res. 2017; 12(4):660-70. PMID 28553349. 
https://doi.org/10.4103/1673-5374.205108

78. Baskar AA, Al Numair KS, Gabriel Paulraj M, Alsaif 
MA, Muamar MA, Ignacimuthu S. β-sitosterol 
prevents lipid peroxidation and improves 
antioxidant status and histoarchitecture in rats with 
1,2-dimethylhydrazine-induced colon cancer. J Med 
Food. 2012; 15(4):335-43. PMID 22353013. https://
doi.org/10.1089/jmf.2011.1780

79. Avneet G, Pal SM, Siddhraj SS. A review on herbal 
Ayurvedic medicinal plants and its association with 
memory functions. Phytomedicine. 2018; 7(2):162-
6. https://doi.org/10.31254/phyto.2018.7210

80. Baskar AA, Al Numair KS, Gabriel Paulraj M, Alsaif 
MA, Muamar MA, Ignacimuthu S. β-sitosterol 
prevents lipid peroxidation and improves 
antioxidant status and histoarchitecture in rats with 
1,2-dimethylhydrazine-induced colon cancer. J Med 
Food. 2012; 15(4):335-43. PMID 22353013. https://
doi.org/10.1089/jmf.2011.1780

81. Burg VK, Grimm HS, Rothhaar TL, Grösgen S, 
Hundsdörfer B, Haupenthal VJ, et al. Plant sterols 
the better cholesterol in Alzheimer’s disease? A 
mechanistic study. J Neurosci. 2013; 33(41):16072-
87. PMID 24107941. https://doi.org/10.1523/
JNEUROSCI.1506-13.2013 

82. Shi C, Wu F, Zhu XC, Xu J. Incorporation of 
β-sitosterol into the membrane increases resistance 
to oxidative stress and lipid peroxidation via 
estrogen receptor-mediated PI3K/GSK3β signaling. 
Biochim Biophys Acta. 2013; 1830(3):2538-
44. PMID 23266618. https://doi.org/10.1016/j.
bbagen.2012.12.012 

83. Shi C, Wu F, Xu J. Incorporation of β-sitosterol into 
mitochondrial membrane enhances mitochondrial 
function by promoting inner mitochondrial 
membrane fluidity. J Bioenerg Biomembr. 
2013; 45(3):301-5. PMID 23225137. https://doi.
org/10.1007/s10863-012-9495-3 

84. Wang J, Wu F, Shi C. Substitution of membrane  
cholesterol with β-sitosterol promotes non-
amyloidogenic cleavage of the endogenous amyloid 
precursor protein. Neuroscience. 2013; 247:227-
33. PMID 23707801. https://doi.org/10. 
1016/j.neuroscience.2013.05.022

85. Babu S, Jayaraman S. An update on β-sitosterol: 
A potential herbal nutraceutical for diabetic 
management. Biomed Pharmacother. 2020; 131: 

110702. PMID 32882583. https://doi.org/10.1016/j.
biopha.2020.110702

86. Shi C, Liu J, Wu F, Zhu X, Yew DT, Xu J. β-sitosterol 
inhibits high cholesterol-induced platelet β-amyloid 
release. J Bioenerg Biomembr. 2011; 43(6):691-7. 
PMID 21969169. https://doi.org/10.1007/s10863-
011-9383-2

87. Saeidnia S, Manayi A, Gohari AR, Abdollahi M. 
The story of beta-sitosterol - A review. Eur J Med 
Plants. 2014; 4(5):590-609. https://doi.org/10.9734/
EJMP/2014/7764

88. Lee MR. The snowdrop (Galanthus nivalis): from 
Odysseus to Alzheimer. Proc R Coll Physicians 
Edinb. 1999; 29(4):349-52. PMID 11624093. https://
doi.org/10.1177/147827159902900417

89. Miura K, Kikuzaki H, Nakatani N. Apianane 
terpenoids from Salvia officinalis. Phytochemistry. 
2001; 58(8):1171-5. PMID 11738402. https://doi.
org/10.1016/S0031-9422(01)00341-7

90. Chandra D, Prasad K. Phytochemicals of Acorus 
calamus (sweet flag). J Med Plants Stud. 2017; 
5(5):277-81.

91. Lee DG, Lee J, Kim KT, Lee SW, Kim YO, Cho IH, et al. 
High-performance liquid chromatography analysis 
of phytosterols in panax ginseng root grown under 
different conditions. J Ginseng Res. 2018; 42(1):16-
20. https://doi.org/10.1016/j.jgr.2016.10.004 

92. Irshad S, Khatoon S. Development of a validated high-
performance thin-layer chromatography method 
for the simultaneous estimation of caffeic acid, 
ferulic acid, β-sitosterol, and lupeol in Convolvulus 
pluricaulis choisy and its adulterants/substitutes. JPC 
J Planar Chromatogr Mod TLC. 2018; 31(6):429-36. 
https://doi.org/10.1556/1006.2018.31.6.2

93. Ahmad A, Misra LN. Isolation of herniarin and other 
constituents from Matricaria chamomilla flowers. 
Int J Pharmacogn. 1997; 35(2):121-5. https://doi.
org/10.1076/phbi.35.2.121.13280

94. Suman A, Ali M, Alam P. New prenylated 
isoflavones from the roots of Glycyrrhiza glabra. 
Chem Nat Compd. 2009; 45(4):487-91. https://doi.
org/10.1007/s10600-009-9403-1

95. Valentová K, Buckiová D, Křen V, Pěknicová J, 
Ulrichová J, Šimánek V. The in vitro biological 
activity of Lepidium meyenii extracts. Cell Biol 
Toxicol. 2006; 22(2):91-9. PMID 16528448. https://
doi.org/10.1007/s10565-006-0033-0

96. Upendra S, Manju B, Praveen K, Geetanjali R, Neeraj 
K, Bikram S, et al. Antimutagenic extract from 
Tinospora cordifolia and its chemical composition. 
J Med Plants Res. 2010; 4(23):2488-94. https://doi.
org/10.5897/JMPR10.346 

https://doi.org/10.4103/1673-5374.205108
https://doi.org/10.1089/jmf.2011.1780
https://doi.org/10.1089/jmf.2011.1780
https://doi.org/10.1089/jmf.2011.1780
https://doi.org/10.1089/jmf.2011.1780
https://doi.org/10.1523/JNEUROSCI.1506-13.2013
https://doi.org/10.1523/JNEUROSCI.1506-13.2013
https://doi.org/10.1016/j.bbagen.2012.12.012
https://doi.org/10.1016/j.bbagen.2012.12.012
https://doi.org/10.1007/s10863-012-9495-3
https://doi.org/10.1007/s10863-012-9495-3
https://doi.org/10.1016/j.neuroscience.2013.05.022
https://doi.org/10.1016/j.neuroscience.2013.05.022
https://doi.org/10.1016/j.biopha.2020.110702
https://doi.org/10.1016/j.biopha.2020.110702
https://doi.org/10.1007/s10863-011-9383-2
https://doi.org/10.1007/s10863-011-9383-2
https://doi.org/10.9734/EJMP/2014/7764
https://doi.org/10.9734/EJMP/2014/7764
https://doi.org/10.1177/147827159902900417
https://doi.org/10.1177/147827159902900417
https://doi.org/10.1016/S0031-9422(01)00341-7
https://doi.org/10.1016/S0031-9422(01)00341-7
https://doi.org/10.1016/j.jgr.2016.10.004
https://doi.org/10.1556/1006.2018.31.6.2
https://doi.org/10.1076/phbi.35.2.121.13280
https://doi.org/10.1076/phbi.35.2.121.13280
https://doi.org/10.1007/s10600-009-9403-1
https://doi.org/10.1007/s10600-009-9403-1
https://doi.org/10.1007/s10565-006-0033-0
https://doi.org/10.1007/s10565-006-0033-0
https://doi.org/10.5897/JMPR10.346
https://doi.org/10.5897/JMPR10.346


745

Journal of Natural Remedies | ISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 23 (3) | July 2023

Apoorva Mishra, Saumya Das, Soni Kumari, Anmol Kanda and Vishnu Prabhakar

97. Chunhieng T, Hafidi A, Pioch D, Brochier J, Didier 
M. Detailed study of Brazil nut (Bertholletia excelsa) 
oil micro-compounds: phospholipids, tocopherols, 
and sterols. J Braz Chem Soc. 2008; 19(7):1374-80. 
https://doi.org/10.1590/S0103-50532008000700021

98. Nencu I, Vlase L, Istudor V, Mircea TĂ. Preliminary 
research regarding Urtica urens L. and Urtica dioica 
L. Amino Acids. 2015; 63:710-5.

99. Misra L, Mishra P, Pandey A, Sangwan RS, 
Sangwan NS, Tuli R. Withanolides from Withania 
somnifera roots. Phytochemistry. 2008; 69(4):1000-
4. PMID 18061221. https://doi.org/10.1016/j.
phytochem.2007.10.024

100. Malik J, Karan M, Vasisht K. Nootropic, anxiolytic 
and CNS-depressant studies on different plant 
sources of shankhpushpi. Pharm Biol. 2011; 
49(12):1234-42. PMID 21846173. https://doi.
org/10.3109/13880209.2011.584539 

101. Balkrishna A, Thakur P, Varshney A. Phytochemical 
profile, pharmacological attributes and medicinal 
properties of Convolvulus prostratus - A 
cognitive enhancer herb for the management of 
neurodegenerative etiologies. Front Pharmacol. 
2020; 11:171. PMID 32194410. https://doi.
org/10.3389/fphar.2020.00171

102. Takayasu BS, Martins IR, Garnique AMB, 
Miyamoto S, Machado-Santelli GM, Uemi M, et al. 
Biological effects of oxy phytosterol generated by 
β-sitosterol ozonization. Arch Biochem Biophys. 
2020; 696:108654. PMID 33130087. https://doi.
org/10.1016/j.abb.2020.108654

103. Saeed AA, Genové G, Li T, Hülshorst F, Betsholtz 
C, Björkhem I, et al. Increased flux of the plant 

sterols campesterol and sitosterol across a disrupted 
blood-brain barrier. Steroids. 2015; 99(B):183-
8. PMID 25683892. https://doi.org/10.1016/j.
steroids.2015.02.005

104. Shi C, Liu J, Wu F, Zhu X, Yew DT, Xu J. β-sitosterol 
inhibits high cholesterol-induced platelet β-amyloid 
release. J Bioenerg Biomembr. 2011; 43(6):691-7. 
PMID 21969169. https://doi.org/10.1007/s10863-
011-9383-2

105. Butterfield DA, Reed T, Newman SF, Sultana R. Roles 
of amyloid β-peptide-associated oxidative stress and 
brain protein modifications in the pathogenesis 
of Alzheimer’s disease and mild cognitive 
impairment. Free Radic Biol Med. 2007; 43(5):658-
77. PMID 17664130. https://doi.org/10.1016/j.
freeradbiomed.2007.05.037

106. Babu S, Krishnan M, Rajagopal P, Periyasamy V, 
Veeraraghavan V, Govindan R, et al. Beta-sitosterol 
attenuates insulin resistance in adipose tissue via 
IRS-1/Akt mediated insulin signaling in high-fat 
diet and sucrose induced type-2 diabetic rats. Eur 
J Pharmacol. 2020; 873:173004. PMID 32045603. 
https://doi.org/10.1016/j.ejphar.2020.173004

107. Ayaz M, Junaid M, Ullah F, Subhan F, Sadiq A, Ali 
G et al. Anti-Alzheimer’s studies on β-sitosterol 
isolated from Polygonum hydropiper L. Front 
Pharmacol. 2017; 8:697. PMID 29056913. https://
doi.org/10.3389/fphar.2017.00697

108. Vivancos M, Moreno JJ. β-sitosterol modulates 
anti oxidant enzyme response in RAW 264.7 
macrophages. Free Radic Biol Med. 2005; 39(1):91-
7. PMID 15925281. https://doi.org/10.1016/j.
freeradbiomed.2005.02.025

https://doi.org/10.1590/S0103-50532008000700021
https://doi.org/10.1016/j.phytochem.2007.10.024
https://doi.org/10.1016/j.phytochem.2007.10.024
https://doi.org/10.3109/13880209.2011.584539
https://doi.org/10.3109/13880209.2011.584539
https://doi.org/10.3389/fphar.2020.00171
https://doi.org/10.3389/fphar.2020.00171
https://doi.org/10.1016/j.abb.2020.108654
https://doi.org/10.1016/j.abb.2020.108654
https://doi.org/10.1016/j.steroids.2015.02.005
https://doi.org/10.1016/j.steroids.2015.02.005
https://doi.org/10.1007/s10863-011-9383-2
https://doi.org/10.1016/j.freeradbiomed.2007.05.037
https://doi.org/10.1016/j.freeradbiomed.2007.05.037
https://doi.org/10.1016/j.ejphar.2020.173004
https://doi.org/10.3389/fphar.2017.00697
https://doi.org/10.3389/fphar.2017.00697
https://doi.org/10.1016/j.freeradbiomed.2005.02.025
https://doi.org/10.1016/j.freeradbiomed.2005.02.025

