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Table 1: Molecular interaction of top five lead phytoconstituents with N-methyl-D-aspartate receptor

Phytochemicals Glide Glide energy AG,_,, AG,_ Xphbond Interacting residues Bond length
score (kcal/mol) (kcal/mol)  (kcal/mol)  (kcal/mol) (R)
DCKA (bound ligand) —14.08 —43.865 —28.096 -15.769 -3.422 Pro124(H-bond), Thr126(H-bond), 2.33,1.84,1.87,
Argl131(Two H-bond) 1.79
Caffeic acid -9.25 -33.791 —18.809 —14.981 -3.556 Thr126(H-bond), Arg131(Two H- bond) 1.72,1.90, 1.65
Cinnamic acid —8.52 —30.567 -17.515 —13.051 -2.401 Thr126(H-bond), Argl31(Two H-bond) 1.72,1.88,1.74
Octanoic acid -8.49 -28.619 —-15.467 -13.152 -2.507 Thr126(H-bond), Arg131(H-bond), 1.92,1.91, 1.60
Argl31(H-bond)
P-coumaric acid -8.1 —31.665 -15.903 -15.761 -2.713 Thr126(H-bond), Arg131(H-bond), 1.71, 1.70,
Argl31(Salt-bridge), Trp223(n-nt Stacking) $4.06, 5.23
Decanoic acid -8.04 -30.821 -17.264 -13.557 -2.36 Thr126(H-bond), Arg131(Two H-bond) 1.89, 1.68, 1.79
DCKA: 5,7-Dichlorokynurenic acid
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Figure 2: Molecular interaction of top lead phytoconstituents with N-methyl-D-aspartate receptor. (a) caffeic acid, (b) cinnamic acid, (c) octanoic acid,
(d) p-coumaric acid, (e) decanoic acid and (f) 5,7-dichlorokynurenic acid (bound ligand)

and octanol-water partition coefficient log P < 5. The analysis revealed
that none of the phytoconstituent violated the rule except caffeic acid
and p-coumaric acid. Their octanol-water partition coefficient was
above five though they were still following the Lipinski’s rule of five as
the drug which was to be formulated orally should have no more than
one violation.””? When predicted for toxicological property all the top five
leads were found to be noncarcinogenic in rodent, mouse as well as rat
model and nonmutagenic in Salmonella typhimurium model [Table 2].

DISCUSSION

AD is a major form of dementia with no curable therapy till date.
Different hypothesis, concepts, and theories have been postulated to
understand its pathophysiology. The cholinergic and Af hypotheses,
being the most accepted theories, were not able to provide any
asymptomatic treatment for AD.? Another hypothesis proposed
was “Glutamatergic and Excitotoxic hypothesis,” which states the
involvement of glutamate-mediated neurotoxicity in the pathogenesis
of AD. NMDA receptors are heterotetrameric complexes composed
two obligatory NR1 subunits and two NR2 subunits, which can a form
a dimer in itself and alternatively with one NR2 or NR3 subunit. NMDA
receptors have multiple modulatory sites, NR1 subunit contains a glycine
binding site (Gly/NMDA), NR2 subunit contains the glutamate-binding
site (Glu/NMDA), a binding site at channel blockers, and allosteric
sites on the amino-terminal domain.” All these different binding site
of NMDA receptor allows various allosteric interactions with different
ligands. Previous reports gave main emphasis to the Glu/NMDA of NR2
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subunit and channel pore; however, due to their associated side effects,
recent emphasis is on developing antagonists at the Gly/NMDA of NR1
subunits, which is also an obligatory part of NMDA tetramer complex.”*!
Plants products and extracts have always been an essential part of
traditional medicine and used for the treatment of many diseases
including neurological disorder.”") Due to the diverse and rich source
of plant products, herbs and spices have been reported in traditional
medicine. In the last decade, researchers have shown the importance
of phytoconstituent from spices in preventing neurodegenerative
diseases.®” The dried seeds, fruits, barks, leaves, or roots of plants
can be summed up as spices. The rate and occurrence of neurological
diseases in western countries are way higher compared to Asian
countries (including India), where spices are consumed on daily
basis.** In India, spices are the integral part of Indian delicacy to impart
flavor, color, and used for preservative properties. Curcumin, the
principal phytoconstituent of Curcuma longa L. (an Indian spice), have
neuroprotective effect. Matteucci et al., in 2005, studied the effect of
curcumin pretreatment against NMDA-induced apoptosis in rat retinal
neurons.” It was found that curcumin attenuates NMDA-mediated
excitotoxicity by inhibiting phosphorylation of NRI subunit and
NMDA receptor-mediated Ca®* increase. In another study, the water
extract of P. nigrum L. decreased the amplitude of NMDA-induced
depolarization in genetically epilepsy-prone DBA/2 mice, suggesting
an antagonist action at NMDA receptors that might be contributing
to the anticonvulsant property of P nigrum L. extract.’® Moreover,
spices have already been established to have medicinal properties
against various diseases such as diabetes, cancer, inflammations,
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