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According to WHO international and national status, Central Nervous System 
(CNS) problems (neurological disorders: Alzheimers, dementia, epilepsy, 
multiple sclerosis, neuroinfections, neurological disorders associated with 
malnutrition, pain associated with neurological disorders, Parkinson’s dis- 
ease, stroke and traumatic brain injuries) are getting worse day by day be- 
cause of lifestyle, environmental imbalance and genetic problems. In 2015 
WHO reported that the prevalence of CNS problems is 27.8 in 1000 and 3 
people in every 100 are facing any of these CNS problems. However, unfortu- 
nately, chemically synthesized drugs used to control these problems in pa- 
tients poses side effects, and therefore we need natural neuroprotective 
agents to avoid such complications. Syzygium cumini is herbal, a medicinal 
plant with reported medicinal properties in various traditional and modern 
medicines. Plant phytochemicals from stem bark, leaves, flowers, fruits and 
seeds of Syzygium cumini were using to treat many diseases in modern med- 
icine also. So far, it is used mostly to treat diabetes mellitus, pain, inflamma- 
tion, ulcers, and diarrhea, and in the recent studies, it was proven that Syzyg- 
ium cumini could be used as chemopreventive, radioprotective and antineo- 
plastic. Although the therapeutic efficacy of SZ is studied well for many sys- 
temic diseases including diabetes, much needs to be explored on its role in 
neurological diseases. The phytochemicals present in different parts of SZ 
were showing evidence that it can show neuroprotection effectively. Those 
phytochemicals which were already studied as neuroprotection in them, a 
fine number of those phytochemicals are present in Syzygium cumini. It is in- 
timating us that Syzygium cumini can be used as an effective neuroprotective 
natural medicine. In this review, we elaborated there may be a possibility of 
potentially effective treatment with different phytochemical that has the neu- 
roprotective effect in one plant. 

 
INTRODUCTION 

Classification of Syzygium Cumini: Kingdom: Plan- 
tae, Division: Angiosperms, Sub Division: Eudicots, 
Order: Myrtales, Family: Myrtaceae, Genus: Syzyg- 
ium, Species: Cumini. 

Syzygium cumini (SC) well known as Eugenia jam- 
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bolana, is a species native from tropical Asia and 
well adapted in so many countries. It is also known 
as Blak plum, Brahaspati, Gambu, Indian black- 
berry, Jam Kol, Jambool, Jambu, Jambul, Jamun, 
Java plum, Kalajam, Malabar plum, Naval, Nerale 
Beeja, Neredu, Njaval, Pomposia, Portuguese Plum. 
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A web link datasheet http://www.cabi.org/isc/ 
datasheet/52426 has the general and tropical dis- 
tribution, history ecology and general uses of SC 
worldwide. In the ancient as well as modern medi- 
cine, the usage of Syzygium cumini is witnessed in 
treatments as antidiabetic, antibacterial, antiviral, 
anti-inflammatory as well as antitoxic, chemopro- 
tective, radioprotective, antineoplastic and so 
many other diseases (Shrikant Baslingappa Swami 
et al., 2012). There is strong literature that sup- 
ports SC containing different phytochemicals those 
are alkaloids, essential oils, flavonoids, glycosides, 
lipids, polyphenols and terpenoids (Azra Kamal, 
2014). Many of those are having an effective neu- 
roprotective function. 

Medicinal properties 

Syzygium cumini containing more than 43 different 
phytochemicals (Shrikant Baslingappa Swami et 
al., 2012) have been reported based on different 
extractions like water, ethanol, methanol and chlo- 
roform. These phytochemicals are used as the 
main course in the treatment of different disor- 
ders. Based on the phytochemicals presence in dif- 
ferent parts those parts are procured and isolated 
or crude purified extract of those phytochemicals 
was given in the treatment procedure from ancient 
days to till now. Widely used as a 11b-hsd-inhibi- 
tor, 5-lipoxygenase-inhibitor, acaricide, al- 
dosereductase-inhibitor, allelopathic, androgenic, 
anthelmintic, antiadenomic, antiaging, antiallergic, 
antianalgesic, antibacterial antibronchitic, anti- 
cancer (cervix), anticancer/tumour, anticatarrh, 
antidiabetes, antiedemic, antifatigue, antifeedant, 
antigingivitic, antigonadotrophic, antihistaminic, 
antihyperlipoproteinaemic, antiinflammatory, an- 
tilaryngitic, antilymphocytic, antimalarial, antimu- 
tagenic, antineoplastic, anti-ophidic, antioxidant, 
antiinsomniac, antiperiodontic, antipharyngitic, 
antiplasmodial, antiprostatitic, antiradicular, anti- 
septic, antistaphylococcic, antithyreotropic, aphro- 
disiac, apoptotic, artemicide, candidicide, candidi- 
cide, chemopreventive, choleretic, contraceptive, 
convulsant, copper-chelator, cox-2inhibitor, cy- 
clooxygenase-inhibitor, cytotoxic, depressant, dia- 
phoretic, edemagenic, estrogenic, fibrocystic dis- 
ease, gabanergic, gonadotrophic, gram(-)icide, 
hepatoprotective, hepatotonic, herbicide, hyp- 
notic, hypocholesterolemic, hypoglycaemic effect, 
hypotensive, hypothermic, icam-1-inhibitor, im- 
munostimulant, inos-inhibitorinsectifuge, iodothy- 
ronine-deiodinase-inhibitor, lipoxygenase-inhibi- 
tor, mao-inhibitor, mutagenic, myorelaxant, ne- 
maticide, noinhibitor, perfumery, progester- 
onigenic, protisticide, sedative, serotoninergic, 
spermicide, teratologic, thyrotropic, transdermal, 
ulcerogenic etc., ( Muniappan Ayyanar et al., 2012, 
S Ramya et al., 2012) each and every phytochemi- 

cal has its own activity in the above listed medici- 
nal properties those were already explored and re- 
ported in different studies. 

Phytochemicals present in Syzygium Cumini 

Stem Bark: Betulinic Acid, Ellagic Acid, Ellagitan- 
nin, Friedelan-3-Α-Ol, Friedelin, Gallic-Acid, Gallo- 
tannin, Kaempferol, Myricetin, β-Sitosterol, β-Si- 
tosterol-D glucoside 

Flowers: Ellagic Acid, Isoquercetin, Kaempferol, 

Myricetin, Oleanolic Acid, Quercetin 

Leaves: Betulinic Acid, Crategolic (Maslinic) Acid, 
Flavonol Glycosides, Myricetin-3-O-4-Αl rhamno- 
pyranosides, Mycaminose, Myricetin, Myricitrin, 
N-Dotricontanol, N-Hentriacontane, N- 
Hepatcosane, N-Nonacosane, Noctacosanol, N-Tri- 
acontanol, Quercetin, β –Sitosterol 

Fruit Pulp: Anthocyanins, Delphinidin, Malvidin- 
Diglucosides, Petunidin 

Seeds: 1-Galloylglucose,  3-Galloylglucose,  3,  6- 
Hexahydroxy Diphenoylglucose, 4, 6 Hexahydroxyl 
diphenyl glucose, Corilagin, Ellagic-Acid, Gallic- 
Acid, Jambosine, Quercetin, Β-Sitosterol 

Essential oils: 1, 8-cineole, Eucarvone, Geranyl ac- 
etone, Muurolol, Myrtenol, Pinocarvone, α-cadinol, 
α-myrtenol, α-terpineol Some of the phytochemi- 
cals present more than one part: 

Betulinic acid - Stem, Leaves 
Ellagic acid - Seed, Stem, Flowers 
Gallic acid - Stem, Seed 
Kaempferol - Stem, Flowers 
Myricetin - Stem, Flowers, Leaves 
Quercitin - Flower, Seed, Leaves 
β -Sitosterol - Seed, Stem, Leave 

Neuroprotective properties 

So far there is no work has been reported related 
to the neuroprotective functions exclusively by us- 
ing SC plant, but it contains an adequate number of 
neuroprotective phytochemicals in it. These phyto- 
chemicals are used and reported as neuroprotec- 
tive effective in several studies. There are 23 neu- 
roprotective phytochemicals out of 43 phytochem- 
icals present in SC plant, in our study we reporting 
glucose containing neuroprotective phytochemi- 
cals as glucose derivatives and isomers, derivatives 
under one column. All these phytochemicals are 
given along with their PubChem id to get further 
(3D structure, synonyms, chemical and physical 
properties) references in 
https://www.ncbi.nlm.nih.gov/pccompound 

a) 1, 8-cineole 
b) Anthocyanins 
c) Beta-sitosterol 
d) Betulinic acid 

http://www.cabi.org/isc/
http://www.ncbi.nlm.nih.gov/pccompound
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e) Corilagin 
f) Ellagic acid, ellagitannin 
g) Gallic acid, gallotanin 
h) Glucose derivatives 
i) Kaempferol 
j) Malvidin di glucoside 
k) Maslinic acid 
l) Myricetin 
m) Myricitrin 
n) Oleanolic acid 
o) Quercitin, 
p) Iso quercitin 
q) Rhamnopyranosides 

a) 1, 8-cineol: 1, 8-cineole is a monoterpene in 
es- sential oils present in SC. Chemical formula: 
C12H20O3 molecular weight: 212.28 and Pub- 
Chem id: 11218113. 1, 8 cineole structure-Figure 
1. 1, 8-cineole affects the ischemic injury it has 
been reported that decreased oxygen-glucose dep- 
rivation/reoxygenation (OGD/R)-induced cortical 
cell injury, reduced n-methyl-d-aspartate (NMDA)- 
induced cell injury. 1, 8-cineole has significantly 
lowered the OGD/R- and NMDA-induced higher 
production of reactive oxygen species (ROS). The 
decrease in OGD/R-induced intracellular superox- 
ide in 1, 8-cineole-treated cortical cells was associ- 
ated with the upregulation of superoxide dis- 
mutase activity. In an assay of oxygen radical ab- 
sorbance capacity, 1, 8-cineole showed direct ROS 
scavenging activity (Ryu S et al., 2014). In the study 
of microemulsion drug patches by using 1, 8 cine- 
ole as a molecule in the patch has a potential effect 
on Alzheimer disease (Shi J et al., 2012). These 
findings are promising the neuroprotective prop- 
erty of 1, 8-cineole. 

b) Anthocyanins: Anthocyanins (ANC) are natural 
polyphenolic compounds widely distributed as 
pigments in fruits and vegetables. SC fruit is rich in 

ANC, Chemical formula: C15H11O+ molecular 
weight: 207.24 and PubChem id: 145858, anthocy- 
anin structure-Figure2. ANC pelargonidin was 
shown to alleviate motor deficits and nigral dopa- 
minergic cell death in 6-OHDA-treated rats 
(Roghani M et al., 2010), ANC-mediated neuropro- 
tection are likely relevant to in vivo protective ef- 
fects, given that a number of ANC have been de- 
tected as intact glycosides in the brains of rats (Ho 
L et al., 2013, Janle EM et al., 2010, Talavera S et al., 
2005, Wang J et al., 2013) and pigs (Milbury PE et 
al., 2010) fed diets supplemented with ANC-rich 
extracts. Anthocyanins display significant anti- 
apoptotic activity in neurons. Antioxidant proper- 
ties of these nutraceuticals, particularly at the level 
of the mitochondria, appear to underlie their neu- 
roprotective effects (Erika K. Ross et al., 2012). 
These are elaborating the individual effectiveness 
of ANC in neuroprotection. 

c) Beta-sitosterol: Beta (β) sitosterol and β-Sitos- 
terol D-glucoside are one of the plant sterol pre- 
sent in SC seed and stem bark β-Sitosterol Chemi- 

cal formula: C29H50O, molecular weight: 414.70 and 
PubChem id: 222284, β-Sitosterol structure-Fig- 
ure3. β-Sitosterol D-glucoside Chemical formula: 
C35H60O6, molecular weight: 576.84 and PubChem 
id: 70699531, β-Sitosterol D-glucoside structure- 
Figure 4. Beta-sitosterol individually may or may 
not have the neuroprotective capacity, but when 
both β-sitosterol and β-sitosterol D-glucoside 
(BSSG) are combined, they have the capacity of 
neurodegeneration and progression of neuron loss 
(Van Kampen JM et al., 2014). BSSG has the capac- 
ity of causing Parkinson Disease (PD) if it was 
given in daily diet for few days and it aggravates 
the PD symptoms on continuation of feeding BSSG 
(Jackalina M et al., 2015). It shows that the BSSG 
combinable can cause the neurodegenerative dis- 
orders. 

d) Betulinic acid: Betulinic acid is a triterpene 
present in SC stem bark and leaves. Chemical for- 
mula: C30H48O3, molecular weight: 456.70 and Pub- 
Chem id: 64971, Betulinic acid structure-Figure5. 
Betulinic acid reduces the oxidative stress and 
causes down-regulation of Nox2 in cerebral ische- 
mia in mice showing the neuroprotective mecha- 
nism (Lu, Q et al., 2011). Activation of the mito- 
chondrial pathway and induction of apoptosis in 
neuroblastoma and some other cells showed posi- 
tive neuroprotection via mitochondrial mecha- 
nism activation by betulinic acid. (Fulda S et al., 
1997, Jeremias I et al., 2004, Tan Y et al., 2003), bet- 
ulinic acid in the treatment or prevention of anxi- 
ety got patented (Durst T et al., 2002). Betulinic 
acid has GABAA-receptor-related properties betu- 
lin competed with [3H]GABA for binding to the cor- 
responding sites on the GABAA receptor, whereas 
betulinic acid and lupeol did not show any binding 
affinity (Muceniece R et al., 2008). 

e) Corilagin: Corilagin has a Chemical formula: 
C27H22O18, molecular weight: 634.45 and PubChem 
id: 73568, Corilagin structure-Figure6. Corilagin 
can protect cerebral ischemia by maintaining Su- 
per Oxide Dismutases (SODs) and brain-derived 
neurotrophic factor (BDNF) levels as well as de- 
creasing glial activation, it is showing that the oral 
administration of corilagin effective in neuropro- 
tection (Park, J.H et al., 2011). In Alzheimer’s dis- 
ease formation of amyloid β through the proteo- 
lytic process from β-secretase, in the oral admin- 
istration of corilagin with other molecules, it has 
shown that blocking or binding with β-secretase to 
improve the Alzheimer's condition (Youn K et al., 
2013). 

f) Ellagic acid, ellagitannin: Ellagic acid Chemical 
formula: C14H6O8, molecular weight: 302.19 and 
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PubChem id: 52818515, Ellagic acid structure-Fig- 
ure 7; Elagitanin Chemical formula: C44H32O27, mo- 
lecular weight: 992.70 and PubChem id: 
101601927- Figure 8. Ellagic acid(EA) and ellag- 
itannin(ET) are natural polyphenols present in SC 
seed, stem and flowers. ETs are hydrolyzed to EA 
under physiological conditions in vivo and EA is 
then gradually metabolized by the intestinal mi- 
crobiota to produce different types of urolithins 
(J.M. Landete, 2011) Total antioxidant status 
(TAS), total oxidant status (TOS), oxidative stress 
index (OSI), the treatment of ellagic acid signifi- 
cantly lowered malondialdehyde (MDA) and nitric 
oxide (NO) levels in diabetic induced rat model and 
it is showing that paraoxonase, catalase, TAS levels 
decrease in brain and sciatic nerve tissue showing 
the potential neuroprotective effect of ellagic acid 
(Ertugrul Uzar et al., 2012). Ellagic acid acts on 
pain misperception and cognitive deficiencies by 
recovering of pain misperception and memory, 
learning parameters by the natural antioxidant to 
combat noxious oxidative effects of 6-OHDA in- 
duced PD animal model (Dolatshahi M et al., 2015). 
Maternal dietary supplementation with pomegran- 
ate juice (which is very rich in ellagic acid) is neu- 
roprotective for the neonatal brain (David J. Loren 
et al., 2005). Ellagic acid possesses potent neuro- 
protective effects through its free radical scaveng- 
ing properties, iron chelation, activation of differ- 
ent cell signaling pathways, and mitigation of mito- 
chondrial dysfunction and ellagic acid may invoke 
a spectrum of cell signaling pathways to attenuate 
or slow down the development of neurodegenera- 
tive disorders (Ahmed T et al., 2016). 

g) Gallic acid, Gallotanin: Gallic acid chemical for- 
mula: C7H6O5, molecular weight: 170.11 and Pub- 
Chem id: 370, gallic acid structure-Figure 9; Gallo- 
tanin chemical formula: C101H60O50, molecular 
weight: 2073.52 and PubChem id: 16133691, gallic 
acid structure-Figure 10. Gallic acid and 
gallotanins are polyphenols present in stem and 
seed of SC plant. Gallotanin is an hydrolysable tan- 
nin which turns in to gallic acid and glucose. Tan- 
nase acts on ester and depside linkages (acyl bond 
i.e. C-O) in hydrolysable tannins, mainly gallotan- 
nins. A typical reaction catalyzed by tannase is 
shown in Fig. 1.5 b wherein Tannic acid (I) was 
found to be hydrolysed to gallic acid and glucose 
through 2, 3, 4, 6 tetragalloyl glucose (III) and mo- 
nogalloyl glucose (IV) (Lekha and Lonsane, 1997). 
Gallic acid treatment involving inhibition of nu- 
clear factor kapp B (NF-κB) acetylation has shown 
potential decrease in cytokine production in mi- 
croglia and Aβ-induced neurotoxic protection and 
selective inhibition of NF-κB acetylation by the his- 
tone acetyltransferase inhibitor. Gallic acid is 
promising as better therapeutic approach for Alz- 

heimer disease (Kim MJ et al., 2011). P66shc pro- 
tein expression and anisomycin-induced secretion 
of Aβ1-42 were significantly decreased and there 
is an improvement in SOD activity and acetylcho- 
line secretions in SH-SY5Y cells by the treatment of 
gallic acid neuronal oxidative stress injury in AD 
patients can get better treatment by using gallic 
acid (Yun Wang et al., 2015). 

h) Glucose derivatives: Compounds containing 
high amounts of glucose as well as metabolic glu- 
cose derivatives of other molecules are discussed 
below: 

i. 1-Galloylglucose 
ii. 3-Galloylglucose 

iii. 3, 6-Hexahydroxy Diphenoylglucose 
iv. 4, 6 Hexahydroxyl diphenyl glucose 

In case of neuro disorders like Alzheimer's disease, 
hypometabolism of glucose leads to a loss of glu- 
cose transporters in neurons and endothelial cells 
of the blood-brain barrier (BBB). In a study by Nic- 
coli et al. in Aβ toxicity in Drosophila, they pro- 
posed that increased neuronal uptake of glucose 
against Aβ toxicity and highlight Grp78 as a novel 
therapeutic target for the treatment of AD (Niccoli 
T et al., 2016). Oxygen and glucose deprivation 
(OGD) causes significant loss of mitochondrial 
complex-I activity, mitochondrial membrane po- 
tential collapse, ATP depletion and necrosis oc- 
curred in the OGD neurons, in such cases NADPH 
concentrations also decreases in neurons in that 
conditions glucose metabolism would supply 
NADPH, through the pentose–phosphate pathway, 
by reducing oxidative stress, mitochondrial dam- 
age and neurotoxicity during oxygen deprivation 
to neural cells (Angeles Almeida et al., 2002). Its 
strongly elaborating that in some CNS problems 
there is a need of glucose transportation and alter- 
native pathways to overcome its complications. 

i) Kaempferol: Chemical formula: C15H10O6, mo- 
lecular weight: 286.23 and PubChem id: 5280863, 
Kaempferol structure-Figure11. Kaempferol has a 
protective effect on neurons by scavenging the free 
radicals and antioxidant capacity in MPTP induced 
PD model. It prevents the tyrosine hydroxylase 
positive neurons loss thereby showing anti PD po- 
tentials (Shen LI and Xiao-Ping P, 2011). In the pro- 
gression of the AD, oxidative stress plays a detri- 
mental role while treatment of kaempferol through 
its antioxidant capacity as well as its ability in ame- 
liorating the breakdown in mitochondria and neu- 
ronal cell membrane. It showed improvement in 
Aβ-induced memory impairment in animal models 
and these properties support the neuroprotective 
capacity of Kaempferol (Jae Kyeom KIM et al., 
2010). 
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j) Malvidin di glucoside: Chemical formula: 
C29H35O17

+
, molecular weight: 655.57 and Pub- 

Chem id: 44256978. Malvidin is one of the antho- 
cyanins very rich in wine. Wine polyphenolic com- 
pounds are well known for the antioxidant proper- 
ties. Nozomu Matsunaga et al. in 2009 first re- 
ported, demonstrating that in the VMA (Vaccinium 
myrtillus (bilberry) anthocyanoside (VMA) and/or 
its main anthocyanidin constituents (cyanidin, del- 
phinidin, and malvidin) can protect retinal gan- 
glion cells (RGCs) against retinal damage in vitro 
and in vivo.) can protect the retina against NMDA- 
induced neurotoxicity in vivo. Furthermore, we 
found that VMA was effective against the SIN-1- in- 
duced elevation of ROS and lipid peroxidation in 
mouse forebrain homogenates. Taken together, the 
above findings indicate that the protective effects 
of VMA against NMDA-induced neurotoxicity may 
be partly mediated by an inhibition of NMDA-in- 
duced oxidative stress (36). Oxidative stress is in- 
volved in many forms of cellular and molecular de- 
terioration. This damage can lead to cell death and 
various neurodegenerative disorders, such as 
Parkinson's or Alzheimer's diseases (Abdelkader 
Basli et al., 2012). 

k) Maslinic acid: Maslinic acid is a natural phyto- 
alexin it is a pentacyclic triterpene present SC 
leaves. Chemical formula: C30H48O4, molecular 
weight: 472.69 and PubChem id: 73659, maslinic 
acid structure-Figure12. Maslinic acid has an anti- 
inflammatory effect on astrocytes which are con- 
taining NADPH releasing capacity in OGD condi- 
tions to maintain mitochondria from damage and 
it shows faithful effects on improvement of inflam- 
mation-related CNS problems (Huang, L et al., 
2011). High expression of GLAST and GLT-1 
caused the extracellular glutamate load and neu- 
ron damage, while in the treatment of maslinic acid 
controlled the glutamate load by the release of LDH 
and increased the neuron integration and mor- 
phology (Qian, Y et al., 2011). Treatment of 
maslinic acid has shown the release of LDH and de- 
crease in induced nitric oxide synthase iNOS en- 
zyme to protect the CNS, its strongly recommend- 
ing that maslinic acid can be used as a nutraceutical 
(Glòria Lozano-Mena et al., 2014). 

l) Myricetin: Myricetin is a naturally occurring fla- 
vonoid present in stem flowers and leaves of SC 
plant. Chemical formula: C15H10O8, molecular 
weight: 318.23 and PubChem id: 5281672, myrice- 
tin structure-Figure13. Intracellular Ca2+ overload 
via the N-methyl-D-aspartate receptor (NMDAR), 
reactive oxygen species (ROS) generation and 
caspase-3 activation occurs in Glutamate exci- 
totoxicity, when its exposed to treatment of myri- 
cetin it phosphorylates the NMDR first and fore- 
most and decreases the Ca2+ overload, decreases 

the ROS production and finally binds to the ca- 
pase3 to protect the glutamate-induced ischemia 
and AD (Shimmyo Y et al., 2008). Myricetin has cy- 
toprotective capacity in vitro experimental condi- 
tions in models of predominantly apoptotic death 
such as that induced by medium concentrations 
(200 M) of H2O2 added to PC12 cells in culture 
(Dajas F et al., 2003). Blockage of Cav2.2 (N-type) 
and Cav2.1 (P/Q-type) channels except for the in- 
tracellular Ca2+ release by the myricetin shows the 
effect on release in 4-AP-evoked glutamate. These 
results suggest that myricetin inhibits glutamate 
release from cerebrocortical synaptosomes by at- 
tenuating voltage-dependent Ca2+ entry and res- 
cue the cerebrocortical nerve terminals to protect 
from acute and chronic brain disorders (Yi Chang 
et al., 2015). 

m) Myricitrin: Chemical formula: C21H20O12, mo- 
lecular weight: 464.37 and PubChem id: 5281673, 
myricitrin structure-Figure14. KIM HD et al. in 
2016 reported in their studies they found no sig- 
nificant neuroprotective effect of 30 mg/kg my- 
ricitrin on 6-hydroxydopamine (6-OHDA)-induced 
neurotoxicity in the substantia nigra (SN) of mice. 
However, myricitrin treatment with 60 mg/kg pro- 
tected DA neurons against 6-OHDA-induced neu- 
rotoxicity. Moreover, myricitrin treatment pre- 
served TH enzyme activity and mTORC1 activation 
in nigral DA neurons in the SN of 6-OHDA-treated 
mice, and its treatment suppressed an increase in 
tumour necrosis factor-α expression in activated 
microglia. These results suggest that myricitrin 
may have neuroprotective properties linked to 
mTORC1 activation, preservation of TH enzyme ac- 
tivity, and anti-neuroinflammation for preventing 
DA neuronal degeneration in vivo. It concludes 
higher doses treatment of myricitrin causes the 
mammalian target of rapamycin complex 1 
(mTORC1) activation, anti-inflammatory and anti- 
oxidant properties and maintains of TH enzyme ac- 
tivity, nigral dopaminergic neurons in the substan- 
tial nigra of 6-OHDA-treated mice and it decreases 
the tumor necrosis factor- α (TNF- α) expression in 
microglia showing the neuroprotective capacity 
myricitrin (Kim HD et al., 2016). 

n) Oleanolic acid: Chemical formula: C30H48O3, 

molecular weight: 456.7 and PubChem id: 10494, 
oleanolic acid structure-Figure15. Synthetic 
triterpenoid analogs of oleanolic acid, such as me- 
thyl-2-cyano-3, 12-dioxooleana-1, 9-dien-28-oate 
(CDDO-Me, RTA 402) have potent neuroprotective 
functions reported in LPS-, TNF- or fibrillar amy- 
loid beta 1–42 (Aβ1–42) peptide-induced in- 
creases in reactive microglia and inflammatory 
gene expression without an overall effect on cell vi- 
ability. CDDO-Me can inhibit the microglial-de- 
rived cytokines production and not TNF-depend- 
ent pro-apoptotic pathways, CDDO-Me enhanced 
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phagocytic activity of BV2 cells in a stimulus-spe- 
cific manner but inhibited generation of reactive 
oxygen species (ROS) in mixed neuron/glia basal 
forebrain cultures and dopaminergic cells (Thi A 
Tran et al., 2008). Nrf2/ARE (NFE2 related factor 
2/antioxidant response element) signalling pro- 
gram and nucleus formation were estimated by us- 
ing the synthetic triterpenoid analogs of oleanolic 
acid in amyotrophic lateral sclerosis (Arie Ney- 
motin et al., 2011). Nrf2 for retinal ganglion cells in 
ischemia-reperfusion for the retinal neuroprotec- 
tive effect estimation by using CDDO (Zhenhua Xu 
et al., 2015). 

o) Quercitin: Chemical formula: C15H10O7, molecu- 
lar weight: 302.23 and PubChem id: 5280343, 
quercitin structure-Figure16. 6-OHD induce the PD 
in an animal model by degrading dopamine and an- 
tioxidant enzymes in the striatum. Treatment of 
quercetin for 2 weeks shows a significant decrease 
in oxidative stress and dopaminergic protection 
against 6-OHD induced PD in an animal model (Na- 
garaja Haleagrahara et al., 2011). Treatment of 
quercetin along with polyunsaturated fatty acids 
containing fish oils against rotenone-induced PD 
model showed effective recovery in behavioural, 
dopamine levels in the striatum and mitochondrial 
damage and therefore combination treatment ap- 
proach using quercitin has much neuroprotective 
effect (K. M. Denny Joseph et al., 2015). The re- 
duced dose of quercetin (25mg/kg bwt) against 
MPTP induced PD, reserpine and haloperidol-in- 
duced catalepsy models of neurodegeneration 
have shown beneficial neuroprotective effect. 
There is a significant decrease in reserpine-in- 
duced high frequencies of chewing movements by 
the quercetin and an increase in behavioural pa- 
rameters like actophotometer (PAM). Increased 
glutathione and decreased lipid peroxidation ob- 
served in MPTP model in quercetin treatment. The 
anti-inflammatory and anti-oxidant property of 
quercitin tested so far implicates it is potential to 
be used in the treatment of CNS problems 
(Suryakanta Pany et al., 2014). 

p) Iso Quercitin: Chemical formula: C21H20O12, mo- 
lecular weight: 464.37 and PubChem id: 5280804, 
iso-quercitin structure-Figure17. Ischemia model 
of oxygen-glucose deprivation followed by reper- 
fusion (OGD/R) were examined for the neuropro- 
tective effects of iso quercitin on rat cortical neu- 
ron cells, by inhibiting protein expression of toll- 
like receptor 4 (TLR4), nuclear factor-kappa B (NF- 
κB), and mRNA expression of TNF-α and IL-6, 
down-regulation of extracellular-regulated kinase 
(ERK), Jun kinase (JNK) and p38, and arresting the 
caspase-3 activity through its anti-inflammatory 
and anti-apoptosis pathways to protect the neu- 
ronal cells (Cai-Ping Wang et al., 2013). Along with 

the above finding inclusion of p38 mitogen-acti- 
vated protein kinase (MAPK), cAMP-responsive el- 
ement-binding protein (CREB), Bax, Bcl-2 and in- 
terleukin-1β (IL-1β) were studied in rat hippocam- 
pus neurons for the ischemic stroke and other 
neuro disorders can be treated with iso quercitin 
potentially (Wang C et al., 2016). 

q) Rhamnopyranosides: Rhamnopyranosides 
are derivatives of rhamnose which is a naturally 
occurring de-oxy sugar phenylpropanoid ester of 
rhamnose, buergerisides A1, B1, B2 and C1 were 
used to estimate the effective neuropotential ben- 
efits along with some other polyphenols against 
glutamate-induced neurotoxicity in cortical cell 
cultures of the rat. In these, rhamnose along with 
the other polyphenols has shown a better neuro- 
protective effect against glutamate-induced neuro- 
degeneration (Kim SR et al., 2000). 

CONCLUSION 

In this review article tried to show the availability 
of very important plant phytochemical constitu- 
ents (corilagin, ellagic acid, gallic acid, quercetin, 
kaempferol, oleanolic acid, anthocyanins and 1, 8 
cineole) in SC which neuroprotective functions 
have been already tested for neuroprotective po- 
tentials in neurological disorders like AD, PD, scle- 
rosis and ischemia. The role of SC plant phyto- 
chemicals in anti-oxidant, anti-inflammatory and 
apoptosis properties will be beneficial for eliciting 
neuroprotective functions in disease conditions. 
Our aim in this review is to discuss and focus ex- 
clusively on only phytochemicals that can play a 
crucial role against neurological problems. Based 
on considerable proof of evidence, the SC plant can 
be used as a better therapeutic approach in CNS re- 
lated problems. 
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