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Invigorating Clitoria ternatea L. an Ayurvedic traditional herb as a competent
brain drug on par with Hypericum perforatum L. to contest P-glycoprotein across
the blood brain barrier
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The vital phytochemicals from the leaves of Clitoria ternatea L. were extricated using GC/MS assay is pursued by a
molecular docking study, considering the phytocompounds as ligands against the efflux protein (P-Glycoprotein) which
determines the active compound that surpasses the blood brain barrier. Five potential compounds were considered
competent to the optimized phytocompounds of Hypericum perforatum L. among which Hexanoic acid, 4-hexadecyl ester
furnished a minimum binding affinity energy value of -8.734kcal/mol and interacted with the amino acid residues GLN721
of the active site. Whereas, Pseudohypericin is the foremost phytocompound of Hypericum perforatum L. exhibited a
docking interaction of -8.096 kcal/mol with a distinct amino acid residue MET982. This work endorses Clitoria ternatea L.
as a competent brain drug across the blood brain barrier on par with an established European folk medicinal plant
Hypericum perforatum L. (St.John’s Wort).
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Innumerable curable modes such as Ayurveda, Siddha
and Unani are distinguished with a deep rooted
ancient horarti, has been practiced in India1.
Shankhpushpi is a presumed drug in Ayurveda that
has been used for centuries as a brain and nervine
tonic2. The term Shankpushpi is derived from Sankrit
language that instances a twining herb whose flowers
resembles the shape of conch shell or shanka which is
a sacred instrument found in the hands of lord Shiva.
Pharmagonostically this has four ethanobotanical
taxonomy named to Evolvulus alsinoides L.
(Convulvulaceae), Convolvulus prostratus Forssk syn.
Convolvulus pluricaulis Choisy (Convulvulaceae),
Canscora alata (Roth) Wall. syn. Canscora decussata
(Roxb.) Schult. & Schult.f. (Gentianaceae), and
Clitorea ternatea L. Though all the four plants are
catalogued under the same class Magnoliopsida,
Clitoria ternatea L. separates itself at the level of
sub-class belonging to Rosidae, while the other
three belong to Asteridae3. Medhya rasayana a
rejuvenating recipe containing Shankhpushpi is used
in many Ayurvedic formulations, either singly or in
——————
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combination with other herbs, meant for
sleeplessness, epilepsy, hallucinations and anxiety4.
Pharmagonostic studies suggest that C. pluricaulis
can be considered as the actual source which is used
in the formulation to treat hypertension5, while
E. alsinoides and C. ternatea L. as the alternative
sources of shankhpushpi6. Clitoria ternatea L., is
distinct among other herbs and some ancient
practitioners used it as brain drug in several
Ayurvedic assortments7,8. Indian traditional medicine
has devised rich medical expertise knowledge of
treatise which was handwritten in Sanskrit language
as pre-European information but, after the
establishment of British rule western medicine was
looked upon as the leading system of medication .This
might be one of the reasons due to which Ayurveda
could not stand parallel to the western medicine. An
ambiguity is reflected in the interpretation and mode
of action in the formulations and drugs prescribed by
this traditional medicine. However current scenario
has realised the significance of Ayurveda, where
biomedical and Ayurvedic scientists are making
attempts to combine the best of different healing
traditions to meet the challenge faced in healthcare
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requirements of modern era9. Therefore there is a
robust desire to evaluate the phytoconstituents of
Clitoria ternatea L. on par with the European folk
medicinal plant Hypericum perforatum L. (St. John’s
wort) as an efficient brain drug which can facilitate
itself through the blood brain barrier. Hypericum
perforatum L. belongs to the family Hypericaceae,
with this species in particular being called as
St. John's wort or Perforate St. John's wort to
distinguish it from other species in the plant.
Primarily, an extensive amount of clinical research
shows that St. John's wort extracts are effective in
treating major depressive disorder. In the United
States, St. John's wort products are described as a
“wound healer” for nervous individuals and are
available over-the-counter as top selling herb in the
form of dietary supplements10. The chief
phytoconstitutions Hypericin and Hyperforin are well
established phytocompounds against depression.
Though Clitoria ternatea L. lacks reputable
compounds, it also has a magnificent compilation of
phytocompounds11. Which are on par with St John’s
wort. This study asserts a molecular docking of
the phytocompounds against an efflux protein
P-Glycoprotein that is layered in the blood-brain
barrier (BBB) which is a dynamic and highly
selective permeable interface between central nervous
system (CNS) and periphery that regulates the brain
homeostasis12. Increasing evidences of neurological
disorders and restricted drug delivery process in brain
make BBB as distinct drug target. Recently P-gp is
being used as therapeutic target for optimizing CNS
drug delivery that is based on pharmacogenomics data
analysis13.The result of the over-expression of
membrane proteins like P-gp, exhibits power to
exclude many kinds of drugs out of cell but the
pathway of drugs to the binding site and the detailed
drug–P-gp interaction process are not clear. A former
study has reported that a putative aromatic gating may
be present in P-gp14, but there is no direct evidence
showing which residue plays the role of gating in the
way to the binding site. The substrate promiscuity of
P-gp, as its enigmatic property, is also not well
elucidated. Molecular simulation may be an
alternative to discover the pathway of drugs to the
binding site and the detailed drug–P-gp interaction
process. The conventional molecular dynamics
has been used to explore the binding energy of
P-gp and ligands15–17. Regardless of synthetic
neurological drugs herbal medicine improves a better

sustainability and phytocompounds can endorse as
perfect ligands in combating blood brain barrier. This
study uplifts Clitoria ternatea L. as a proficient
Ayurvedic drug that fetches solution against neurological
problems.
Methodology
Materials and Chemicals
All chemicals used were of analytical grade
purchased from, sigma Aldrich Ltd.
Plant collection and identification
The healthy Plant samples were collected from the
premises of Bishop Heber College, Tiruchirappalli,
Tamil Nadu, India. The leaves from the whole plant
was segregated, cleaned and allowed to dry under
shade. The identification and voucher specimen
number AAM 001 of the plant was sorted out and
deposited at the Rapinat Herbarium and Centre for
Molecular Systematic, St. Josephs College,
Tiruchirappalli, Tamil Nadu. The plant was identified
as Clitoria ternatea L. by Dr S John Britto
(Director).The plant specimen was confirmed by
comparison with reference herbarium specimen.
Preparation of aqueous extract
The leaf samples were cleaned, shade dried and
powdered. 100 gm of powdered leaf sample were
weighed and boiled with 1 L of distilled water for
10 min at 70 C. The plant extract yielded was filtered
and evaporated to dryness and further used for
analysis.
Gas Chromatography-Mass Spectrometry analysis
GC-MS analysis of the plant was performed using a
Perkin–Elmer Clarus 500 system comprising an
AOC-20i auto-sampler. The mass-detector used in
this analysis was Turbo-Mass Gold-Perkin-Elmer, and
the software adopted to handle mass spectra and
chromatograms was a Turbo-Mass ver-5.2.
Identification of phytocomponents
Interpretation on mass-spectrum GC-MS was
conducted using the database of National Institute
Standard and Technology (NIST) having more than
62,000 patterns. The spectrum of the unknown
components was compared with the spectrum of
known components stored in the NIST library. The
name, molecular weight, and structure of the
components of the test materials were ascertained.
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Docking analysis
Molecular docking studies were carried to identify
the binding affinities and interaction between the
inhibitors and the target protein (Permeability
glycoprotein) P-Gp using Glide software (Schrodinger
Inc. U S A- Maestro version 10.2) .Glide (Grid-based
Ligand Docking with Energetic) is one of the most
accurate docking tool available for ligand-protein,
protein-protein binding studies. Glide was found to
produce least number of inaccurate poses and 85% of
Glides binding models had an RMSD of 1.4 Å or less
from native co-crystallized structures. The study also
incorporated the pharmacological descriptions of the
compounds by ADMET analysis.
Preparation of Ligands
The
3-dimensional
structures
of
the
phytocompounds considered as ligands were retrieved
and downloaded as .mol files from the site of Pub
Chem. The molecules were processed using the
LigPrep tool from Schrodinger to obtain the perfect
conformation by the addition or removal of hydrogen
atoms with respect to the OPLS_2005 force field.
Preparation of Protein Target
The target protein P-Glycoprotein (Fig. 1) was
retrieved from Protein Data Bank (PDB ID 4M1M).
Water molecules were removed and a single chain
was selected between two chains, but water that
connects between the ligand and the protein are
sometimes retained. The structure forming bonds
from the ligand or a cofactor to a protein metal were
deleted by adjusting the ligand bond orders and
formal charges. The minimization was done to
restrain the input protein coordinates by a selected
RMSD tolerance.
GLIDE / Ligand Docking
Grid generated output file was uploaded as an input
for Ligand docking against protein prepared targets in
GLIDE.XP mode was adopted by selecting Flexible
docking mode.
Results and discussion
The phytoconstituents from the aqueous leaf
extract of the plant Clitoria ternatea L. belonging to
the family Papilionaceae, was extricated to persuade
its medicinal significance as a brain drug. In the
traditional (Asian) Indian systems of medicine
particularly in Ayurveda, the roots, seeds and leaves
of Clitoria ternatea L. have widely used as a brain
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Fig. 1—Crystal structures of Target protein P-Glycoprotein

tonic and is believed to promote memory and
intelligence21. Research works have illustrated that the
roots of the plant have an extended antiquity to
promote mental power memory retention and alleviate
psychotic stress18. Moreover the leaves of the plant
comprise of affluent phytochemicals which require a
profound study19,20. Hence leaf was desired as the
vital part that reveals the utmost essential
phytocompounds.
Extraction of the volatile phytochemicals by GCMS assay
The chromatogram of GC-MS analysis of aqueous
leaf extract of Clitoria ternatea L. is exemplified in
the Fig. 2, which conferred 17 different compounds that
were detected and catalogued in parallel to the NIST
library. Relatively the essential phytoconstitutions such
as sugar, flavonoid, volatile terpene, fatty acid methyl
ester, fatty acid ethyl ester, aldehyde and fatty alcohol
were extricated among which, (Triterpene) Squalene
(10.58%), (Fatty alcohol) Hexanoic acid,4-hexadecyl
ester (0.92%), (Fatty alcohol) 9,12,15-Octadecatrien-1ol, (Z,Z,Z)-(4.0%), (Aldehyde) 9,17-Octadecadienal,
(Z)-( 0.6 %) and (Diterpene alcohol) Phytol
(11.9629%) were the foremost exudates with
a retention time of 43.81, 36.37, 33.15, 32.99 and
32.13 mins. Interestingly, four compounds (4HPyran-4-one,2,3-dihydro-3,5-dihydroxy-6-methyl,
2(4H)-Benzofuranone,5,6,7,7a-tetrahydro-4,4,7a-trimethylDihydro actinidiolide, Phytol and 9,12,15Octadecatrien-1-ol, (Z,Z,Z)-) of Clitoria ternatea
correlated as efficient compounds targeting
neurological problems. 4H-Pyran-4-one, 2, 3-dihydro3,5-dihydroxy-6-methyl,2(4H)-Benzofuranone,5,6,7,7
a-tetrahydro-4,4,7a-trimethyl
Dihydroactinidiolide
and Phytol are secondary metabolites grouped as
Terpenes. It is reported that terpenes exhibits a wide
range of neurological effects within the central
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Fig. 2—GC/MS profile extricating phytocompounds from
Aqueous extract of Clitoria ternatea

nervous system of insects. The neurotoxic deterrent
properties of many monoterpenes in insects have been
shown to include interactions with the octopamenergic
system (analogous to the noradrenergic system in
vertebrates), cholinesterase inhibition, and multiple
direct interactions with the GABA system, including
blockade of GABA-gated chloride channels and
allosteric
binding
to
GABAA
receptors21.
The antidepressant and anti-inflammatory effects
of St John’s wort extract were initially attributed
to the naphthodianthrones20 and more recently to
hyperforin22 and the range of flavonoid constituents.
High concentrations of hypericin and flavonoid
compounds inhibit Monoamine oxidase (MAO - A
and MAO – B) activity thereby instigating as an
antidepressant 23. 4H-Pyran-4-one, 2, 3-dihydro-3, 5dihydroxy-6-methyl is a fragment of flavanoid which
is extricated in the aqueous extract negligibly in a
high level with a retention time of 0.66 of 10.20%. A
vast number of natural, plant-based extracts and
chemicals are purported to have beneficial effects on
human brain function24.This GC-MS study exhorts the
necessitate to assay the essential phytocomponds that
fortifies Clitoria ternatea L. as a prominent
neurological drug.
Molecular docking studies
An in silico assay was executed to determine the
best compound by docking against the efflux protein
P-Gp (Permeability Glycoprotein) that interacts with a
drug strongly leading to a reduced absorption in the
gut and very limited entry into the brain. The active
site associated with the QZ59-RRR ligand that is
considered to be positive binder composing of amino
acid residues, such as MET88, PHE332, ILE338,
PHE338, GLN721, TYR949, PHE724, PHE974,
VAL978, TYR303, PHE728, SER975 and LEU335 21.
In the present study, four phytocompounds extracted
from the aqueous leaf extracts of Clitoria ternatea L.
(hexanoicacid-4-hexadecylester,9,12,15-Octadecatrien-

Fig. 3—docking pose of the phytocompounds a. hexanoic acid, 4hexadecyl ester b. Pseudohypericin c. Hypericin d. 9,12,15Octadecatrien-1-ol, (Z,Z,Z)- e. 2(4H)-Benzofuranone, 5,6,7,7atetrahydro-4,4,7a-trimethyl- f. 4H-Pyran-4-one,2,3-dihydro-3,5dihydroxy-6-methyl into the active sites

1-ol,(Z,Z,Z)-,2(4H)-Benzofuranone,5,6,7,7a-tetrahydro4,4,7a-trimethyl- and 4H-Pyran-4-one,2,3-dihydro-3,5dihydroxy-6-methyl) were docked computationally
into the active site (Fig. 3) of the P-Gp (Permeability
Glycoprotein). To endorse their inhibitory potency
efficiently,
standardized
phtyocompounds
of
Hypericum perforatum L. (Hyperforin, Adhyperforin,
Pseudohypericin and Hypericin) were also docked
with the target protein as reference compounds. The
phytocompounds had the potential to dock with the
target proteins and their interaction details are listed
in Table 1. The target protein was counteracted by all
the compounds of Clitoria ternatea L. where,
hexanoic acid-4-hexacyl ester provided a least
docking score of -8.734kcal/mol pursued by 9, 12, 15Octadecatrienoic acid, methyl ester, (Z, Z, Z) (-5.987kcal/mol). Hexanoic acid-4-hexadecyl ester is
a major compound extricated from the aqueous
extract of Clitoria ternatea L. which impeded
competently when compared to the test compound of
Hypericum perforatum L. while, the two reference
compounds Pseudohypericin and Hypericin (Figs. 3 b
& c) counteracted with the target protein with a least
score of -8.096 kcal/mol and -8.021kcal/mol.The
study investigated diversity in the amino acid residues
such as TYR 306, GLN 986, MET 982 which are
distinct from the amino acids of the active site. Most
of the residues in proteins active site are hydrophobic
and are involved in a sturdy hydrophobic interaction.
The ligands in the study exhibited a good interaction
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Table 1—Hit list of the ligands with the target protein P-Gp
S.No

Name of the Compound

1.

hexanoic acid, 4-hexadecyl ester -

2.
3.
4.
5.

Pseudohypericin
Hypericin
9,12,15-Octadecatrien-1-ol, (Z,Z,Z)2(4H)-Benzofuranone, 5,6,7,7 atetrahydro-4,4,7a-trimethyl4H-Pyran-4-one,2,3-dihy 3,5-dihydroxy6-methyl dro-

6.

7.
8.

Binding Score Energy Value No of Hydrogen
(Kcal/mol)
Bonds
8.734
1

Hyperforin
Adhyperforin

H2Bond
length
2.00

Interacting AminoAcid
residue
GLN 721

-8.096
-8.021
-5.830
-5.695

1
1
1
1

2.06
2.12
2.07
2.19

MET982
GLN 986
GLN986
GLN 721

-5.196

2

2.03

GLN 721

-

-

1.88
-

TYR 306
-

Table 2—Qik Prop properties of the phytocompounds
S.No

Compounds

1

hexanoic acid, 4hexadecyl ester
Pseudohypericin
Hypericin
9,12,15Octadecatrien-1-ol,
(Z,Z,Z)2(4H)Benzofuranone,
5,6,7,7a-tetrahydro4,4,7a-trimethyl4H-Pyran-4-one,2,3dihydro-3,5dihydroxy-6-methyl
Venlafaxin

2
3
4

5

6

7

MW*

SASA*

logPo/w*

logPw*

logBB*
-1.078

% Human Oral
Absorption
100

340.588

875.895

7.799

0.124

277.406
180.246
144.127

560.664
385.861
324.154

3.533
1.56
-0.578

504.452

665.364

520.451

264.45

34.695

5.504
4.234
9.146

0.414
0.048
-0.644

100
95.951
71.073

28.898
41.316
79.396

3.214

11.059

-2.721

38.181

167.511

675.696

2.134

14.09

-3.357

23.039

189.734

729.307

5.826

2.219

-0.944

100

23.116

with the target protein’s active site (GLN 721)
attesting a strong hydrophobic interaction. In silico
descriptions (Table 2) of the compounds was
performed through ADMET (Absorption, Distribution,
Metabolism, Excreation and Toxicity) which is
an imperative technique used to unveil the
pharmaceutical significance of the phytocompounds.
Many in silico technologies in drug discovery have
increased the possibility of finding the new lead
compounds at much shorter time period. However,
unfavorable ADMET properties have been identified
as a major cause of failure even for very promising
drug candidate molecules25-29.
Consequently, earlier prediction of ADMET
properties through in silico methods can increase the
success rate of candidate molecules prior to reaching
development. Ecopharmacognosy, enables the
sustainability of traditional medicine and supports the

PSA*

in silico evaluation of known compounds as enzyme
inhibitors prior to in vitro testing to conserve the
natural resources30. Network ethanopharmacology is
an advanced technique that scientifically explores
traditional knowledge and improves the existing
knowledge on drug discovery31. Traditional ADME
analyses relied heavily on whole animal assays and
the more labor intensive biochemical studies. High
throughput screening methods, fast ADMET profiling
assays, and computational approaches have allowed
the pharmaceutical industry to identify quickly the
less promising drug candidates in the very early
development stage so that time and valuable resources
are not spent pursuing compounds that have little
probability of reaching the general population. Of the
fore-mentioned properties, the drug’s aqueous
solubility will likely be one of the first properties
measured. Aqueous solubility is a major indicator of
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the drug’s solubility in physiological gastrointestinal
fluids and is a major indicator of the drug’s oral
bioavailability. Hexanoic acid, 4-hexadecyl ester and
Pseudohypericin exhibit 100% human intestinal
absorption, with high in vitro plasma protein binding
hence, indicates that both phytocompounds can be use
as drug molecule.
Lipophilicity is another of the physical properties
that is measured in the early stages of drug testing to
predict the transport of molecules from the
gastrointestinal track into the epithelial cells that line
the inner and outer surfaces of the body. Most
common drugs cross cellular barriers by transcellular
pathways (across epithelial cells) that require the drug
to enter the outer portion of the lipid bilayer of the
cell membrane. The drug then diffuses to the inner
lipid layer and travels across the cell before crossing
the cell membrane once again to exit. Lipophilicity
was introduced to describe a compound’s affinity to
be in lipid-like environment. Several solvent systems
have been suggested as a surrogate to represent the
lipid membrane against water. For convenience and
economical reasons, the partition coefficient of the
drug candidate between 1-octanol and a series of
aqueous buffers has become the standard measure of
lipophilicity. The intrinsic lipophilicity (logarithm of
the water-to-octanol partition coefficient, log Po/w)
describes the equilibrium distribution of molecular
drug candidate (unionized form of the molecule)
between water and the aqueous buffer, and is
independent of pH. The effective lipophilicity
(logarithm of the water-to-octanol distribution
coefficient) reflects the concentration ratio of the
neutral drug molecule plus all ionized forms that may
be present in the aqueous buffered solution at the
given pH. The effective lipophilicity is highest in
hexanoic acid, 4-hexadecyl ester thereby facilitates
and confers a better pharmacokinetic property with a
high BBB permeation, normal polar surface area (0.0
to 150.0) values and restricting into the optimistic
molecular weight. The in silico study characterises
hexanoic acid, 4-hexadecyl ester as a promising
ligand that passed through the pre-screening phase on
pharmacological properties such as, ADMET and
docking studies endorses the phytocompound to be a
more effective brain drug that can pass through the
blood brain barrier.
Conclusion
The current study aggravates the importance of the
plant Clitoria ternatea L. an ancient Ayurvedic

medicinal herb on par with the western folk drug
Hypericum perforatum L. (St John’s wort). The
phytocompounds hexanoic acid-4-hexadecyl ester and
9,12,15-Octadecatrien-1-ol, (Z,Z,Z)-furnished a least
binding energy affinity with the efflux protein P-Gp
and can establish as potential lead molecules in
developing an efficient brain drug that can surpass the
blood brain barrier. The effectiveness of these potent
phytocompounds as a synergetic effect can be further
endorsed by performing clinical studies which would
elevate the incredible competence of Ayurvedic
medicine on parity with western medicine.
Acknowledgement
The authors are grateful to ICMR for funding this
project. A deep sense of gratitude is to the
management of Bishop Heber College for extending
their support. We als o a ckno wl edg e t he Centre
for Advanced Research in Indian System of Medicine
[CARISM], Sastra university, Tanjore, Tamil Nadu,
for their valuable help in instrumental analysis and
Department of Bioinformatics, Bharathidasan
University, Tiruchirappali, Tamil Nadu for guiding
us in the in silico analysis.
References
1

Acharyya B K & Sharma H K, Folklore medicinal plants of
Mahmora area, Sivasagar district, Assam, Indian J Tradit
Knowle, 3(4) (2004) 373–382.
2 Chuneker K C, Bhavaprakasa Nighantu, (Chaukhambha
Bharti Academy, Varanasi, India), 1982,417.
3 Nahata A & Dixit VK, Spectrofluorimetric estimation of
scopoletin in Evolvulus alsinoides L. and Convulvulus
pluricaulis Choisy, Indian J Pharm Sci, 70 (6) (2008) 834-7.
4 Sethiya N K, Nahata A, Mishra S H & Dixit V K, An update
on shankhpushpi, a cognition-boosting Ayurvedic medicine,
J Chinese Integr Med, Zhong Xi Yi Jie He Xue Bao, 7(11)
(2009)1001-22.
5 Rizwan, Mohd Khan & Asim Ali, Assessment of efficacy of
Sankhahuli (Convolvulus pluricaulis Chois.) and gokhru
(Tribulus terrestris L.) in the management of hypertension,
Indian J Tradit Knowle, 13 (2) (2014) 313-318.
6 Nair KV, Nair AR & Nair CPR, Standardization of
Ayurvedic drugs, Bull Medico-Ethno Bot Res, (18) (1997)
51-156.
7 Sivaranjan VV & Indira Balachandran, Ayuruedic drugs and
their plant sources, (Oxford and IBH Publishing Company,
New Delhi, India, 1994, 425-428
8 Perinchery, A History of Indian healing traditions: A science
and society initiative, Retrieved March 2013, from
http://news.ncbs.res.in/story/history-indian-healing-traditions
9 Rajith NP, Navas M, Thaha A, Muhammad Manju MJ,
Anish N, Rajasekharan S & George V, A study on traditional
mother care plants of rural communities of South Kerala,
Indian J Tradit Knowle, 9(1) (2010) 203-208.
10 PB, Complementary and Alternative Medicine Treatment for
Depression, In: The Biology of Depression, edited by Licinio J

DHAYABARAN & MARGRET: A BRAIN DRUG TO CONTEST P-GLYCOPROTEIN ACROSS THE BLOOD BRAIN BARRIER

11

12
13
14

15
16

17

18

19
20

& Wong ML, (Weinheim, Germany: Wiley, John and Sons,
Inc), 2005, 993-1019.
Terahara N, Toki K, Saito N, Honda T, Matsui T & Osajima Y,
Eight new anthocyanins, ternatins C1-C5 and D3 and
preternatins A3 and C4 from young clitoria ternatea flowers,
J Nat Prod, 6 (1998) 112-119.
Fletcher JI, Haber M, Henderson MJ & Norris MD, ABC
transporters in cancer: more than just drug efflux pumps, Nat
Rev Cancer, 10(2) (2010) 147–156.
Mirazul Islam MD & Zahurin Mohamed, Computational and
Pharmacological Target of Neurovascular Unit for Drug
Design and Delivery, Bio Med Res Int, (20)15 (2015) 1-10.
Davis T P, Sanchez-Covarubias L & Tome M E,
P-glycoprotein trafficking as a therapeutic target to optimize
CNS drug delivery, Adv Pharmacol, 71( 2)( 2014) 25–44.
Wise J G, Catalytic transitions in the human MDR1
P-glycoprotein drug binding sites, Biochemistry, 2012, 51,
5125–5141.
Ferreira R , Ferreira M J U & Santos D J V A D, Insights on
P-Glycoprotein’s Efflux Mechanism Obtained by Molecular
Dynamics Simulations, J Chem Theory Comput, 8 (2012)
1853–1864.
Xu X, Li R, Ma M, Wang X, Wang Y & Zou H, Multidrug
resistance protein P-glycoprotein does not recognize
nanoparticle C60: experiment and modeling, Soft Matter, 8
(2012) 2915–2923.
Watanabe Y, Hsu W-L, Chiba S, Hayashi T, Furuta T &
Sakurai M, Dynamics and structural changes induced by
ATP and/or substrate binding in the inward-facing
conformation state of P-glycoprotein, Chem Phys Lett, 557
(2013)145–149.
Taranalli AD & Cheeramkuzhy TC, Influence of clitoria
ternatea extracts on memory and central cholinergic activity
in rats, Pharm Biol, 38(1) (2000)51 – 6.
Rai KS, Murthy KS & Karnath MS, Clitoria ternatea L. root
extract treatment during growth spurt period enhances
learning and memory in rats, Indian J Physiol Pharmacol,
45(3) (2001)305– 13.

645

21 Morita N, Arisawa M, Nagase M, Hsu H & Chen Y,
Studies on the constituents of Formosan LeguminosaeI.
The constituents in the leaves of Clitoria ternatea L.,
J Chinese Integr Med, Yakugaku Zasshi, (11) 97 (1977)
649–653.
22 Rattan RS, Mechanism of action of insecticidal secondary
metabolites of plant origin, Crop Prot, 29 (9) (2010) 913–20.
23 Meruelo D, Lavie G & Lavie D, Therapeutic agents with
dramatic antiretroviral activity and little toxicity at effective
doses: aromatic polycyclic diones hypericin and
pseudohypericin, Proc Natl Acad Sci, USA, 85 (1988) 5230-34.
24 Filippini R, Piovan A, Borsarini A & Caniato R, Study of
dynamic accumulation of secondary metabolites in three
subspecies of Hypericum perforatum, Fitoterapia, (2010)
8(2) 115–9.
25 Butterweck V, Jurgenliemk G, Nahrstedt A & Winterhoff H,
Flavonoids from Hypericum perforatum show antidepressant
activity in the forced swimming test, Planta Med, 2000;66:3–6.
26 Murray R, Bender D, Botham KM, Kennelly PJ, Rodwell V
& Weil PA, Harper's Illustrated Biochemistry, 29th edn,
(New York: Lange Medical Books/McGraw-Hill Medical
Publishing Division), 2012.
27 Sergey Shityakov & Carola Förster, In silico structure-based
screening of versatile P-glycoprotein inhibitors using
polynomial empirical scoring functions, Adv Appl Bioinform
Chem,(2014) 24 (7) 1-9.
28 Fumiyoshi Y & Mitsuru H, In Silico Approaches for
Predicting ADME properties of Drugs, Drug Metab
Pharmacokinet, (2004) 19 27–38.
29 Darko B, Matthew DS & Katrina F, Predicting ADME
properties In Silico: Methods and models, Drug Discov
Today, (2002) 7 S83–8.
30 Cordell GA, Ecopharmacognosy and the globilization of
traditional medicine, Indian J Tradit Knowle, 14(4) (2015)
595-604.
31 Bhushan Patwardan & Uma Chandran, Network
ethanopharmacology approaches for formulation discovery,
Indian J Tradit Knowle, 14(4) (2015) 574-580.

