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This study aimed to predict the potential activity and interaction conformation of polyphenolic compounds from
Peperomia pellucida (L) Kunth (nine compounds) with angiotensin-converting enzyme (ACE) macromolecule by in
silico molecular docking study. The crystal structure of ACE as a molecular target was obtained from the PDB database
(PDB ID: 1UZF) with captopril as a native ligand. Molecular docking analysis was performed using AutoDockZn (100
docking runs) based on the active site of Zn*', the central grid was placed on Zn?* with a box size of 40A x 40A x
40A and a center of 40.835A x 34.382A x 44.607A for selective inhibitors (MCO702) with a spacing of 0.375A.
Based on the docking results demonstrated that the prediction of each polyphenol compounds from P. pellucida has
the potential of active as ACE inhibitors, it was indicated that docking results of each compound has lower affinity
compared to captopril (with binding affinity of —6.36 kcal/mol and the inhibition constant 21.81 uM), where the
most moderate binding affinity (the most potential) was tetrahydrofuran lignin ((1R,2S,3S,5R)-3,5-bis(4-hydroxy-
3,5-dimethoxyphenyl)cyclopentane-1,2-diyl)bis-(methylene) diacetate) of —8.66 kcal/mol and the highest binding
affinity (the less potential) was dillapiole (6-allyl-4,5-dimethoxybenzo[d][1,3]dioxole) of —4.99 kcal/mol, although
with different forms of interaction, bond, and constant inhibition. Based on the interaction of ACE binding site,
5,6,7-trimethoxy-4-(2,4,5-trimethoxyphenyl)-3,4-dihydronaphthalen-1(2H)-one showed the most similar interaction
with the captopril ligand. These results are preliminary data for further research with predictions of target compound
biological activity and interaction quickly, accurately, and inexpensively.
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INTRODUCTION

Hypertension or high blood pressure is one of the most
top prevalent diseases in the world (Sorlie ez al., 2014). In 2010,
it was estimated 31.1% of adults worldwide had hypertension
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(Mills et al., 2016) and is predicted to increase by about 60% by
2025 (Kearny et al., 2005). Also, hypertension may increase risk
factors for cardiovascular disease and has been associated with
complications, such as stroke, heart attack, and kidney failure
(Hartmann and Meisel, 2007).

One of the primary therapeutic agents for the treatment of
hypertension is angiotensin-converting enzyme (ACE) inhibitors.
ACE is one component of the renin-angiotensin-aldosterone
system and plays a crucial role in the regulation of blood pressure
(Skeggs et al., 1953; 1957). Metalloprotein residue of Zn*" in ACE
cleaves the His-Leu dipeptide from the inactivated C angiotensin I
terminal (Ang I) and converting it into a potent vasoconstrictor in
the form of angiotensin II (Unger, 2002). ACE has two isoforms,
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including: (1) glycoprotein form in somatic tissue with single
large polypeptide chain of 1,277 amino acid and (2) in germinal
cells that are synthesized in the form of lower molecular mass
and play a role in sperm maturation and sperm binding of oviduct
epithelium (Natesh er al., 2003; 2004). Currently, the crystal
structure data from ACE is available in the form of PDB files that
can be used for in silico molecular docking study.

In recent years, modeling methods based on computer
simulations have become a useful tool in solving many scientific
and engineering problems (Forli ez al., 2016). In some conditions,
computer-based modeling methods have become a bridge
between applied or experimental science and theories of natural
sciences, such as physics, chemistry, and biology quickly and
precisely. When the simulation is compared with the experiment,
it sometimes gives slightly different results (Ramachandran et al.,
2008). Molecular docking is a process that searches for possible
bonds of two molecules interacting under topographical conditions
or energy considerations, the goal being to match the two
molecules to the conformation in which has the best interaction
(Santos-Martins et al., 2014; Seeliger and de Groot, 2010). One
molecule (ligand) is docked to another molecular region (receptor)
and from both molecules are calculated its interaction energy. In
docking, its interaction energy is calculated by Van der Waals
energy and Coulombic energy involved between all the atoms of
both molecules (Ghosh and Gemma, 2014).

Natural products (mainly from plants) are the primary
source for new drugs discovery. One of the herbs empirically
used as a hypertension drug by the community in some countries
is Peperomia pellucida (L) Kunth herb. According to the study
reported by Saputri et al. (2015), the methanol extract of P,
pellucida has ACE inhibitory activity with IC,  of 7.17 ug/ml and
(Kurniawan et al., 2016) has reported that fraction and isolated
quercetin of P. pellucida herb has 1C, of 3.44 and 7.22 pg/ml,
respectively. Some polyphenols isolated from this herb includes
secolignan (peperomins) and lignin (Xu et al., 2006), pellucidin A
(Bayma et al., 2000), patuloside A (Khan et al., 2010), dillapiole
(Rojas-Martinez et al., 2013), chromenes (Susilawati et al., 2015),
and quercetin (Kurniawan et al., 2016). However, a study on
ACE inhibitory activity (except quercetin) and the prediction of
interaction conformation with ACE has not been reported.

In the present study, prediction of activity potency
and interaction conformation of isolates from P. pellucida herbs
with ACE have been conducted, which thus may expedite the
development of further studies for new drugs discovery as ACE
inhibitors.

MATERIALS AND METHODS

Materials

For in silico molecular docking study, a computer ASUS®
(Taipei, Taiwan) with following specifications was used: processor
Intel® Core™ i5-5200U CPU @2.20 GHz 2.19 GHz, 4.00 GB
memory (RAM) DDR3, 64-bit Operating System, x64-based
processor, Windows Education 10.1, and NVIDIA GEFORCE
820 M VGA. Software installed includes ChemOffice Pro v15.00
PerkinElmer, Chimera 1.10.2., Ligplot™ v.1.4.5, AutoDockZn (http://
autodock.scripps.edu/resources/autodockzn-forcefield), AutoDock
v4.2.6 and AutoDockTools (http://autodock.scripps.edu/), Amber14

(operated via putty to connect with the server), Pymol, OpenBabel
GUIL and PMV 1.9.2 (Phyton Molecular Viewer).

Receptor and native ligand structure preparation

The crystal structure of ACE (angiotensin-converting
enzyme) in complex with captopril was downloaded from Protein
Data Bank (rcsb.org/pdb/) with PDB id: IUZF with 2.0 A resolution.
Ligand-protein docking was performed using AutodockZn
program. AutoDockTools and OpenBabel programs were used to
prepare and convert the type of the macromolecule complex and
ligand file (O’Boyle et al., 2011). Furthermore, water molecules
were removed from the macromolecule protein 1UZF; then the
complete structure was converted, and hydrogen atom addition
was done using Leap module of AMBER 14. The ligand file was
subjected to the calculation of AM1-BCC partial atomic charges
using antechamber module of AMBER 14 and minimization was
done using Amber force field ff99SB. Then, the output (.crd) was
converted to PDB by an ambpdb module of AMBER 14.

Ligand sample preparation

Structure of Ligand samples was acquired from some
literature (as can be seen in Table 1) (Bayma ez al., 2000; Khan
et al., 2010; Kurniawan et al., 2016; Rojas-Martinez et al., 2013;
Susilawati et al., 2015; Xu et al., 2006). 2D structure of ligand
samples was built using ChemDraw® Pro 15 and was converted to
the 3D structure using Chem3D® Pro 15. The MMFF94 atom types
and charges of ligand samples were calculated, then minimization
was performed using the MMFF94 force field minimization of
Chem3D® Pro 15 (Wang et al., 2015). The minimized structure
was converted to PDB format.

In silico molecular docking analysis

Docking of all the ligand samples was conducted using
AutoDockZn (O’Boyle et al., 2011). The program was begun with
ligands in different conformations and found the best docking
on binding-site proteins using a Lamarckian Genetic Algorithm
(LGA) to make one possible formation. The docking simulation
was performed for the isolated compound using a protein receptor
(PDB id: 1UZF). The autogridZn program was used to calculate
the position of the grid. Based on the active site of Zn*', the central
grid was placed on Zn** with a box size of 40A x 40A x 40A
and a center of 40.835, 34.382, and 44.607 for selective inhibitors
(MCO702) with a spacing of 0.375. The docking procedure was
done using autodockZn program with 100 docking runs. Docking
results were visualized using LigPlot* and Poseview (Laskowski
and Swindells, 2011; Stierand and Rarey, 2010).

RESULTS AND DISCUSSION

In silico molecular docking study aims to determine the
potential of active compounds from natural products or synthetic.
It is an approach for predicting potentially active compound based
on the interaction and bonds types between the ligand and the
active site of the receptor. This method is beneficial to predict the
biological activity and interaction of ligand compounds quickly,
accurately, and inexpensively.

In present study, in silico molecular docking study
was performed to predict the potency of activity and interaction
between ligand molecules in the form of native ligand (captopril)
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Table 1. The IUPAC name and chemical structure of polyphenols compound from P. pellucida.

Compounds

IUPAC name

Structure formula

Ref.

7-((7-methoxybenzo[d][1,3]dioxol-5-yl)

(3,4,5-trimethoxyphenyl)methyl)-5-oxaspiro[2.4]heptan-4-one

(secolignan)

4-((7-methoxybenzo[d][1,3]dioxol-5- yl)
(3,4,5-trimethoxyphenyl)methyl)-3-methyldihydrofuran-
2(3H)-one (secolignan)

((1S,2R,3R,58S)-3-(4-hydroxy-3,5-dimethoxyphenyl)-2-
(hydroxymethyl)-5-(7-methoxybenzo[d][1,3]dioxol-5-yl)
cyclopentyl)methyl acetate (tetrahydrofuran lignin)

((1R,28,3S,5R)-3,5-bis(4-hydroxy-3,5-dimethoxyphenyl)
cyclopentane-1,2-diyl)bis(methylene) diacetate
(tetrahydrofuran lignin)

5,6,7-trimethoxy-4-(2,4,5-trimethoxyphenyl)-
3,4-dihydronaphthalen-1(2H)-one (methoxylated
dihydronaphthalenone)

1,5,6-trihydroxy-3-((2S,3S,4S,5S,6S)-3,4,5-trihydroxy-6-

(hydroxymethyl)tetrahydro-2H-pyran-2-yl)-9H-xanthen-9-one

(Patuloside A)

6-allyl-4,5-dimethoxybenzo[d][1,3]dioxole (dillapiole)

(S)-2-methyl-2-(4-methylpent-3-en-1-yl)-6-(propan-2-

ylidene)-3,4,6,7-tetrahydropyrano[4,3-g]chromen-9(2H)-one

(Chromene)

2-(3,4-dihydroxyphenyl)-3,5-dimethoxy-7-((3,4,5-trihydroxy-

6-methyltetrahydro-2H-pyran-2-yl)oxy)chroman-4-one
(quercetin)

HO

pre)
H3C\

_CH,

(Xu et al., 2006)

(Xu et al., 2006)

(Xu et al., 2006)

(Xu et al., 2006)

(Xu et al., 2006)

(Khan et al., 2010)

(Rojas-Martinez et al., 2013)

(Susilawati et al., 2015)

(Kurniawan et al., 2016)
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and the isolated polyphenol compounds of P. pellucida (consisting (with the RSMD value <2). Figure 2 demonstrates the interaction
of' nine compounds as listed in Table 1) on the ACE macromolecule between groups of the native ligand with protein (amino acid)
(PDB id: 1UZF). and Zn*" metalloprotein groups of an ACE macromolecule using

The docking of native ligand (captopril) gave Root Mean LigPlus (A), PoseView (B). The binding mode of captopril in ACE
Square Deviation (RMSD) value of 0.96A (<2), which means macromolecule complex was investigated from its crystal structure
the docking results were valid with a AG value of —6.36 and (ID 1UZF). It is shown that the COOH and C=0 groups of captopril
clusters of 92% for the total of 100 times running. As can be seen formed hydrogen bonds with Tyr520, Lys511, GIn281 (with
in Figure 1, it shows the position between the native ligand and COOH) and His353, His513 (with C=0), respectively. The S-H
the docking results does not show significantly different locations group formed interaction with metalloproteins Zn?* (with an atomic
distance of 2.3 A) and formed hydrogens bonding with Glu384.
The bond forms of ligands from the docking results involved the
hydrogen and hydrophobic bonds on clusters of amino acids and
its interactions in the Zn?" metalloprotein according to studies has
been reported by Chang and Alli (2012) and Sharifi et al. (2013).
This interaction (with distances of < 3 A) indicated that the active
site of each ligand has interaction with ACE macromolecule. In
Figure 3, the binding mode of each compound in macromolecule
demonstrated that the groups of each compound (except Compound
8) formed interaction with Zn?*" and Glu384. Meanwhile, His353,
His513, and Tyr523 had interactions (hydrogen and hydrophobic
bond) with groups of each compound, and another hand, another
amino acid group had different interactions.

Meanwhile, Table 2 demonstrates that the prediction
of polyphenols compound from P. pellucida has potential to
be developed as ACE inhibitors, it was indicated that docking
results of each compound have lower affinity than captopril
(with a binding affinity of —6.36 kcal/mol and the inhibition
constant 21.81 pM) except Compound 7. Based on the results
of calculation and docking analysis, similarity was exhibited
Figure 1. Visualization of comparison between original and docking results between polyphenol compounds (except compound 7) with the
position of the native ligand. Where a red is original crystallography and purple native ligand. In the previous study, Guerrero et al. (2012) have
is docking results. predicted the interaction and bonds of luteolin (polyphenols
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Figure 2. Visualization of docking results interaction between the native ligand and residue of ACE macromolecule (PDB: 1UZF)
using (A) Ligplotplus and (B) dan Poseview.
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group) using QSAR and molecular docking study of quercetin as
a potential ACE inhibitor has been reported by Muhammad and
Fatima (2015). Each amino acid residue can form seven different
bonds or interactions with the ligand includes: (1) interaction of
van der Waals bond, (2) interaction of aromatic face to face, (3)
interaction of aromatic edge to face, (4) interaction of H-bond or
protein as donor, (5) interaction of H-bond or protein as acceptor,
(6) interaction of protein positively charged, and (7) interaction
of protein negatively charged (Radifar et a/., 2013). In addition,
Table 2 also shows that some compounds have a potential active
site with interaction distance between O atoms (ligand groups) and
Zn** metalloprotein (protein receptor residue) at values less than
34, includes Compound 3, Compound 4, Compound 5, Compound
6, Compound 8, and Compound 9 with constant inhibition 752.52,
448.43, 10,740, 2,470, 517.42, and 831.04 nM, respectively. On
other hands, Zn?*", Glu384, His513, His353, GIn281, Tyr520,

029

Tyr523, and Lys511 are the binding site of ACE. The native ligand
of captopril performs hydrogen bonding (Zn*", Glu384, His513,
His353, GIn281, Tyr520, and Lys511) and hydrophobic interaction
(Tyr523). Based on the results of docking analysis, compound 5
has the most similar interaction with the captopril ligand where the
compound binds to the active side of ACE as can be seen in Table 2,
and these prediction results are in accordance with the molecular
docking results of polyphenol compounds from Phyllanthus niruri
herbs (Ahmad et al., 2018). In addition, some study has reported
that extracts and fractions (with rich in polyphenol content) of
this herbs have activity as an ACE inhibitor using in vitro assay
method (Adhitia et al., 2017; Mun'im et al., 2017; Rinayanti et al.,
2013; Saputri et al., 2015). Meanwhile, according to the previous
study, Kurniawan et al. (2016) have done the assay of ACE
inhibitory activity of Compound 9 (quercetin) with IC,  of 16.21
nM which has excellent correlation with the obtained docking

v,
- f G

Compound 6 Compound 7

Compound 8

Compound 9

Figure 3. Visualization of docking results interaction of isolated polyphenols from P. Pellucida and ACE macromolecule receptor (PDB: 1UZF) by

Ligplotplus software.

Table 2. The docking results of captopril and polyphenol compounds from P. pellucida.

No  Ligand Binding energy Inhibition Atom distances Interaction of ACE binding site
(keal/mol)  constant@M)  Zn-S/0 (A) Zn*  Glu3s4  HisSI13  His353 G281  Tyrs20  Tyr523  Lyssil
1 Captopril (Native) \/ Y v \/ Y N v v
2 Captopril redocked -6.36 21,810 2.3 Y V - Y V V Y Y
3 Compound 1 —8.08 1,190 3.3 v \ - v - N
4 Compound 2 -8.14 1,080 47 v N - N - _ N
5 Compound 3 -8.35 752.52 2.7 v \ - v v - N
6 Compound 4 -8.66 448 .43 22 y y - N N _ N B
7 Compound 5 -6.78 10,740 2.7 N N N N N N N
8 Compound 6 -7.65 2,470 2.1 v v v v v - N .
9 Compound 7 ~4.99 218,680 6.2 - - - V V Y Y
10 Compound 8 -8.58 517.42 29 v v - v - N
11 Compound 9 -8.30 831.04 2.8 y y V y y - N
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result. Therefore, it is essential to proceed to further study, mainly
isolation and identification of active compounds as ACE inhibitors
of this plant.

CONCLUSION

In conclusion, we have conducted in silico molecular
docking to study the potential of polyphenol compounds from P
pellucida as an ACE inhibitor. The crystal structure of ACE (PDB id:
1UZF) bound to captopril was used as a protein target. Based on the
docking result showed that the native ligand (captopril) was obtained
RMSD value of 0.96A (<2), which means the docking results were
valid with a AG value of —6.36 and clusters of 92% for the total of
100 times running. Based on the interaction of ACE binding site,
Compound 5 shows the most similar interaction with the captopril
ligand where the compound binds to the active side of ACE compared
to other compounds. Therefore, these results are preliminary data for
further research with predictions of biological activity and interaction
quickly, accurately, and inexpensively from the target compound.
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ABBREVIATIONS

ACE: Angiotensin-Converting Enzyme; DRPM:
Direktorat Riset dan Pengabdian kepada Masyarakat; Gln:
Glutamine; Glu: Glutamate; His: Histidine; 1C: half maximal
inhibitory concentration; LGA: Lamarckian Genetic Algorithm;
Lys: Lysine; MMFF94: Merck Molecular Force Field 94; P
pellucida: Peperomia pellucida (L) Kunth; PDB: Protein Data
Bank; RMSD: Root Mean Square Deviation; Tyr: Tyrosine.

REFERENCES

Adhitia AM, Octaviani AN, Rissyelly, Basah K, Mun'im A.
Effect of gamma irradiation on angiotensin-converting enzyme inhibition,
antioxidant activity, total phenolic compound and total flavonoid of
Peperomia pellucida herbs extract. Pharmacogn J, 2017; 9:244-8.

Ahmad I, Mun'im A, Luliana S, Elya B, Azminah A, Yanuar A,
Artha Y, Negishi O. Isolation, elucidation, and molecular docking studies
of active compounds from Phyllanthus niruri with angiotensin-converting
enzyme inhibition. Pharmacogn Mag, 2018; 14:601-10.

Bayma JDC, Arruda MSP, Muller AH, Arruda AC, Canto WC. A
dimeric ArC2 compound from Peperomia pellucida. Phytochemistry, 2000;
55:779-82.

Chang YW, Alli 1. In silico assessment: suggested homology of
chickpea (Cicer arietinum L.) legumin and prediction of ACE-inhibitory
peptides from chickpea proteins using BLAST and BIOPEP analyses. Food
Res Int, 2012; 49:477-86.

Forli S, Huey R, Pique ME, Sanner MF, Goodsell DS, Olson AJ.
Computational protein-ligand docking and virtual drug screening with the
Autodock suite. Nat Protoc, 2016; 11:905-19.

Ghosh AK, Gemma S. Structure-based design of drugs and other
bioactive molecules: tools and strategies. WILEY-VCH Verlag GmbH &
Co. KGaA, Weinheim, Weinheim, Germany, 2014.

Guerrero L, Castillo J, Quinones M, Garcia-Vallve S, Arola
L, Pujadas G, Muguerza B. Inhibition of angiotensin-converting enzyme
activity by flavonoids: structure-activity relationship studies. PLoS One,
2012; 7:1-11.

Hartmann R, Meisel H. Food-derived peptides with biological
activity: from research to food applications. Curr Opin Biotechnol, 2007;
18:163-9.

Kearny PM, Whelton M, Reynolds K, Munther P, Whelton PK,
He J. Global burden of hypertension: analysis of worldwide data. Lancet,
2005; 365:217-23.

Khan A, Rahman M, Islam S. Isolation and bioactivity of a
xanthone glycoside from Peperomia pellucida. Life Sci Med Res, 2010;
2010:1-10.

Kurniawan A, Saputri FC, Rissyelly, Ahmad I, Mun'im A.
Isolation of angiotensin-converting enzyme (ACE) inhibitory activity
quercetin from Peperomia pellucida. Int ] PharmTech Res, 2016; 9:115-21.

Laskowski RA, Swindells MB. LigPlot": multiple ligand A
protein interaction diagrams for drug discovery. J Chem Inf Model, 2011;
51:2778-86.

Mills KT, Bundy JD, Kelly TN, Reed JE, Kearny PM, Reynolds
K, Chen J, He J. Global disparities of hypertension prevalence and control.
Circulation, 2016; 134:441-50.

Muhammad SA, Fatima N. In silico analysis and molecular
docking studies of potential angiotensin-converting enzyme inhibitor using
quercetin glycosides. Pharmacogn Mag, 2015; 11:123-6.

Mun’im A, Nurpriantia S, Setyaningsih R, Syahdi RR.
Optimization of microwave-assisted extraction of active compounds,
antioxidant activity and angiotensin-converting enzyme (ACE) inhibitory
activity from Peperomia pellucida (L.) Kunth. J Young Pharm, 2017;
9:168-71.

Natesh R, Schwager SLU, Sturrock ED, Acharya KR. Crystal
structure of the human enzyme—Ilisinopril complex. Nature, 2003;
421:1427-9.

Natesh R, Schwager SLU, Evans HR, Sturrock ED, Acharya
KR. Structural details on the binding of antihypertensive drugs captopril
and enalaprilat to human testicular angiotensin I-converting enzyme.
Biochemistry, 2004; 43:8718-724.

O’Boyle NM, Banck M, James CA, Morley C, Vandermeersch
T, Hutchison GR. Open Babel: an open chemical toolbox. J Cheminform,
2011; 3:1-14.

Radifar M, Yuniarti N, Istyastono EP. PyPLIF: python-based
protein-ligand interaction fingerprinting. Bioinformation, 2013; 9:325-8.

Ramachandran KI, Deepa G, Namboori K. Computational
chemistry and molecular modeling.Springer Berlin Heidelberg, Berlin,
Heidelberg, 2008.

Rinayanti A, Radji M, Mun'im A, Suyatna FD. Screening
angiotensin-converting enzyme (ACE) inhibitor activity of antihypertensive
medicinal plants from Indonesia. Int J] Pharm Teach Pract, 2013; 4:527-32.

Rojas-Martinez R, Arrieta J, Cruz-Antonio L, Arrieta-Baez D,
Velazquez-Mendez AM, Sanchez-Mendoza ME. Dillapiole, isolated from
Peperomia pellucida, shows gastroprotector activity against ethanol-
induced gastric lesions in wistar rats. Molecules, 2013; 18:11327-37.

Santos-Martins D, Forli S, Ramos MJ, Olson AJ. AutoDock4Zn:
an improved AutoDock force field for small-molecule docking to zinc
metalloproteins. J Chem Inf Model, 2014; 54:2371-9.

Saputri FC, Mun'im A, Lukmanto D, Aisyah SN, Rinandy JS.
Inhibition of angiotensin-converting enzyme (ACE) activity by some
Indonesia edible plants. Int J Pharm Sci Res, 2015; 6:1054-9.

Seeliger D, de Groot BL. Ligand docking and binding site
analysis with PyMOL and Autodock/Vina. J Comput Aided Mol Des, 2010;
24:417-22.

Sharifi N, Souri E, Ziai SA, Amin G, Amini M. Isolation,
identification and molecular docking studies of a new isolated compound,
from Onopordon acanthium: a novel Angiotensin Converting Enzyme
(ACE) inhibitor. J Ethnopharmacol, 2013; 148:934-9.

Skeggs LT, Marsh WH, Kahn JR, Shumway NP. The existence of
two forms of hypertension. J Exp Med, 1953; 99:275-82.

Skeggs LT, Kahn JR, Lentz K, Shumway NP. The preparation,
purification, and amino acid sequence of a polypeptide renin substrate. J
Exp Med 1957; 106:439-53.



Ahmad et al. / Journal of Applied Pharmaceutical Science 9 (08); 2019: 025-031 031

Sorlie PD, Allison MA, Aviles-Santa ML, Cai J, Daviglus ML,
Howard AG, Kaplan R, LaVange LM, Raij L, Schneiderman N, Wassertheil-
Smoller S, Talavera GA. Prevalence of hypertension, awareness, treatment,
and control in the Hispanic community health study/study of Latinos. Am J
Hypertens, 2014; 27:793-800.

Stierand K, Rarey M. PoseView—molecular interaction patterns
at a glance. J Cheminform, 2010; 2:P50.

Susilawati Y, Nugraha R, Muhtadi A, Soetardjo S, Supratman
U.  (S)-2-Methyl-2-(4-methylpent-3-enyl)-6-(propan-2-ylidene)-3,4,6,7-
tetrahydropyrano[4,3-g]chromen-9(2H)-one. Molbank, 2015; 2015:M855.

Unger T. The role of the renin-angiotensin system in the
development of cardiovascular disease. Am J Cardiol, 2002; 89:3-9.

Wang L, Wu Y, Deng Y, Kim B, Pierce L, Lupyan D, Robinson
S, Dahlgren MK, Greenwood J, Romero DL, Masse C, Knight JL,
Steinbrecher T, Beuming T, Damm W, Harder E, Sherman W, Brewer M,
Wester R, Murcko M, Frye L, Farid R, Lin T, Mobley DL, Jorgensen WL,

Berne BJ, Friesner RA, Abel R. Accurate and reliable prediction of relative
ligand binding potency in prospective drug discovery by way of a modern
free-energy calculation protocol and force field. ] Am Chem Soc, 2015;
137:2695-703.

Xu S, LiN, Ning MM, Zhou CH, Yang QR, Wang MW. Bioactive
compounds from Peperomia pellucida. J Nat Prod, 2006; 69:247-50.

How to cite this article:

Ahmad I, Azminah A, Mulia K, Yanuar A, Mun'im A.
Angiotensin-converting enzyme inhibitory activity of
polyphenolic compounds from Peperomia pellucida (L)
Kunth: An in silico molecular docking study. J Appl Pharm
Sci, 2019; 9(08):025-031.




l’hﬂrmm entieal q' |-F‘[I P

ISSN 2231-3354



Journal of Applied Pharmaceutical Science

m Scimago Journal & Country Rank

https://www.scimagojr.com/journalsearch.php?q=21100236605&tip=s...

Home Journal Rankings Country Rankings Viz Tools Help

A

by Google
Stop seeing this ad ~ Why this ad?

Journal of Applied Pharmaceutical Science @

COUNTRY

India

Universities and research
mstitutions m India

PUBLICATION TYPE

Joumnals

Gclr_}g|e
Stop seeing thisad ~ Why this ad

Information not localized

SUBJECT AREA AND CATEGORY PUBLISHER

Medicine MediPoaia
Medicine (miscellaneous)
Pharmacology (medical)

Pharmacology, Toxicology and Pharmaceutics
Pharmacology, Toxicology and Pharmaceutics
(mizcellaneous)

il X

Automating image anal

Al for toxicologic pathology

Explore benefits of Al-driven image

in toxicity and other preclinical stuc

OPEN

ISSN COVERAGE
22313354 2011-2020

Q Join the conversation about this journal

Al for toxicologic pathology

Pharma and CRO case studies

Explore benefits of Al-driven image analysis in toxicity and other preclinical studies

1 of5

also developed by scimago:

CIMAGO INSTITUTIONS RANKINGS

Enter Journal Title, ISSN or Publisher Name

H-INDEX

38

8/16/2021, 1:59 PM



Journal of Applied Pharmaceutical Science

Quartiles

| #2

https://www.scimagojr.com/journalsearch.php?q=21100236605&tip=s...

FIND SIMILAR JOURNALS @ options §
1 2 3 4 5
Indian Journal of Brazilian Journal of Saudi Pharmaceutical Turkish Journal of Indian Journal of
Pharmaceutical Sciences Pharmaceutical Sciences Journal Pharmaceutical Sciences Pharmaceutical Education
< o BRA SAU TUR IND >
0, 0, 0, 0, 0,
70% 66% 64% 64% 60%
similarity similarity similarity similarity similarity
G} =
Al for toxicologic pathology
Automating image analysis
Read Aiforia’s case studies with scientist and gists at pharma ies using Al
rp— OPEN |
SIR Ay E Total Documents Citations per document My
032 500 15
028
400 12
0.24 /\/\
02 200 09
2 204 2016 2msa 2020 2m m3 2ms 07 209
06
Total Cites  Self-Cites N H External Cites per Do Cites per Doc Ll
T4k 14 03
To0 o7 9
20m 2m3 205 07 2019
o * Cites { Doc. {4 years)
o @ Cites / Doc. (3 years)
20m 2013 2005 2m7 My 2011 2013 05 2017 2m9 @ Cites / Doc. (2 years)
% Intenational Collaboration Citable N ble d % B Cited Uncited d  EH
1.2k 1.2
18
12
600 600
&
0
o a
m 2m3 M5 2017 2019 aom 2m3 2M5 m7 2009 2m m3 M5 m7 209

« Show this widget in G sCimago Graphica

your own website

Explare, visually

2 of 5

Just copy the code below communicate and make
and paste within your html sense of data with our new
code: free tool.
<a href="https://www.sclm
Getit

8/16/2021, 1:59 PM



Journal of Applied Pharmaceutical Science

m Scimago Journal & Country Rank

https://www.scimagojr.com/journalsearch.php?q=21100236605&tip=s...

Home Journal Rankings Country Rankings Viz Tools Help

A

by Google
Stop seeing this ad ~ Why this ad?

Journal of Applied Pharmaceutical Science @

COUNTRY

India

Universities and research
mstitutions m India

PUBLICATION TYPE

Joumnals

Gclr_}g|e
Stop seeing thisad ~ Why this ad

Information not localized

SUBJECT AREA AND CATEGORY PUBLISHER

Medicine MediPoaia
Medicine (miscellaneous)
Pharmacology (medical)

Pharmacology, Toxicology and Pharmaceutics
Pharmacology, Toxicology and Pharmaceutics
(mizcellaneous)

il X

Automating image anal

Al for toxicologic pathology

Explore benefits of Al-driven image

in toxicity and other preclinical stuc

OPEN

ISSN COVERAGE
22313354 2011-2020

Q Join the conversation about this journal

Al for toxicologic pathology

Pharma and CRO case studies

Explore benefits of Al-driven image analysis in toxicity and other preclinical studies

1 of5

also developed by scimago:

CIMAGO INSTITUTIONS RANKINGS

Enter Journal Title, ISSN or Publisher Name

H-INDEX

38

8/16/2021, 1:59 PM



Journal of Applied Pharmaceutical Science

Quartiles

| #2

https://www.scimagojr.com/journalsearch.php?q=21100236605&tip=s...

FIND SIMILAR JOURNALS @ options §
1 2 3 4 5
Indian Journal of Brazilian Journal of Saudi Pharmaceutical Turkish Journal of Indian Journal of
Pharmaceutical Sciences Pharmaceutical Sciences Journal Pharmaceutical Sciences Pharmaceutical Education
< o BRA SAU TUR IND >
0, 0, 0, 0, 0,
70% 66% 64% 64% 60%
similarity similarity similarity similarity similarity
G} =
Al for toxicologic pathology
Automating image analysis
Read Aiforia’s case studies with scientist and gists at pharma ies using Al
rp— OPEN |
SIR Ay E Total Documents Citations per document My
032 500 15
028
400 12
0.24 /\/\
02 200 09
2 204 2016 2msa 2020 2m m3 2ms 07 209
06
Total Cites  Self-Cites N H External Cites per Do Cites per Doc Ll
T4k 14 03
To0 o7 9
20m 2m3 205 07 2019
o * Cites { Doc. {4 years)
o @ Cites / Doc. (3 years)
20m 2013 2005 2m7 My 2011 2013 05 2017 2m9 @ Cites / Doc. (2 years)
% Intenational Collaboration Citable N ble d % B Cited Uncited d  EH
1.2k 1.2
18
12
600 600
&
0
o a
m 2m3 M5 2017 2019 aom 2m3 2M5 m7 2009 2m m3 M5 m7 209

« Show this widget in G sCimago Graphica

your own website

Explare, visually

2 of 5

Just copy the code below communicate and make
and paste within your html sense of data with our new
code: free tool.
<a href="https://www.sclm
Getit

8/16/2021, 1:59 PM



Editorial Board

Editor-in-Chief

Prof. Srinivas Mutalik
Department of Pharmaceutics,
Manipal College of Pharmaceutical Sciences,

Manipal Academy of Higher Education, Manipal, India. [View Profile]

Email: editor@japsonline.com
Immediate Past Editor-in-chief
Dir. Pinaki Sengupta

Department of Pharmaceutical Analysis,
Maticnal Institute of Pharmaceutical Education

and Research - Ahmedabad, Gandhinagar, India. [Wiew Profile]

Associate Editor

Faras Sharma
Department of Pharmacognosy
BVM College of Pharmacy, Gwalicr, India.

Advisory Board

Prof. B. G. Shivananda
Registrar, Karnataka State Pharmacy Council,
Bangslore (Karnataka), India.

Prof. Vincd Kumar Gupta

{Former Vice-Chancellor, Dr. Ram Manchar

Lohia Awadh University, Faizabad, India)
Distinguished Professor, King Abdulaziz University,
Jeddha, Saudi Arabia. [Wiew Profile]

Prof. Guoyin Kai

Director, Laboratory of Medicinal Plant Biotechnology
College of Pharmaceutical Sciences

Zhejiang Chinese Medical University

Zhejjiang Province, China. [View Profile]

Cr. Shamarez Ali Mohammed
Associate Director, DR.REDDY s Laboratories,
Mew Jersey, U.5.A.

Crr. Kirankumar Hullatti
Professor and Vice Principal,
Cauvery College of Pharmacy,
Mysore, India. [View Profile]

Prof. Saber A. Sakr
Faculty of Science,
Menoufia University, Egypt. [View Profile]

Prof. Imran Ali
Department of Chemistry, Jamia Millia Islamia,
Mew Delhi, India. [Wiew Profile]

Or. K. Husnu Can Baser

Frofessor of Pharmacognosy,

Mear East University, Faculty of Fharmacy,

Head of the Department of Pharmacognosy,
Lefeoga (Micosia) M. Cyprus, Turkey. [View Profile]

Prof. A. N. Kalia

Director, Herbal Drug Research,
Department of Pharmacognosy,

ISF College of Pharmacy, Moga, India.

Prof. (Dr) Mainul Hagque
Mational Defense University of Malaysia,
Malaysia. [View Profile]

Prof. Shao Hong-Bo
Qingdac University of Science & Technology,
Qingdaoc, China.

Or. Khalid Akhter Ansari

Research Scientist, Syngene International Ltd,
Bangalore, India. [Wiew Profile]



Editorial Board

Oir. Wenyi Kang

Directos, National R & D Center for

Edible Fungus Processing Technology,

Henan University, Kaifeng, China. [Wiew Profile]

Or. Emad Mohamed Abdallah
Zassim University, Al-Fass,
Saudi Arabia. [Wiew Profile]

Prof. Roman Lesyk

Department of Fharmaceutical,

Organicand Bicorganic Chemistry,

Danylo Halytsky Lviv Maticnal Medical University,
Lwiv, Ueraine. [Wiew Profile]

Or. Subrahmanya Bhat K

Department of Chemistry, Manipal Institute of Technology,
Manipal Academy of Higher Education, Manipal, India.
[View Profile]

Dr. Mohd Hazir Khan

Department of Crthopaedics,

School of Medicine, Emory University,

BT Executive Park South, Atlanta, GA. [View Profile]

Dir. Mrinmoy Saha

Laboratory of Bicorganic Chemistry,
MWIDD Mational Institute of Health,
Bethesda, USA. [View Profile]

Oir. Shalley M. Kudalkar
Associate Research Scientist, Yale University,
Mew Haven, CT, USA. [Wiew Profile]

Dir. Bappaditya Chatterjee
Dept. of Fharmaceutical Technology,
International Islamic University, Malaysia.

Dir. Sanjay Bhivasan Patil

Shri Meminath Jain Brahmacharyashram’s
Shriman Sureshdada Jain College of Pharmacy,
Chandwad, India.

Oir. Abdulhadi ALJAWISH
Polytech Lille, Institut Charles Vicllette,
Université de Lille1, France. [View Frofile]

Cr. Aysu YURDASIPER

Faculty of Pharmacy, Fharmaceutical Technology
Cepartment,

Ege University, lzmir, Turkey.

Dr. Teerapol Srichana

Faculty of Fharmaceutical Sciences
Frince of Songkla University,

Hat Yai, Songkla, Thailand. [Wiew Profile]

Dr. Subrata Shaw
Wanderbilt University School of Medicine,
Mashville, United States. [Wiew Frofile]

DOr. Oluwafemi Cmoniyi Oguntibeju
Department of Biomedical Sciences,
Faculty of Health & Wellness Sciences,
Cape Peninsula University of Technology,
Bellville, South Africa. [Wiew Profile]

Prof. Alexander K. Hyarko

Professor of Pharmacology and Toxicology
Department of Pharmacology and Toxicology
School of Pharmacy, College of Health Sciences
University of Ghana, Legon, Ghana. [View Profile]

Prof. Abdul Rohman

Department of Fharmaceutical Themistry,
Faculty of Fharmacy, Gadjah Mada University,
“fogyakarta, Indonesia. [Wiew Profile]

Dr. Sameer Dhingra
Department of Pharmacy Practice,
Mational Institute of Pharmaceutical Education and

Research,
Hajipur, India. [Wiew Profile]

Prof. Oluwatoyin A. Odeku
Dean, Faculty of Pharmacy,
University of |lbadan,

Ibadan, Migeria. [Wiew Profile]

Dr. Gingwen Zhang
University of Macau, Macau, China.

Cr. Amit D. Kandhare
Manager, Scientific Affairs,
Indus Bigtech, Pune, India.
[Wiew Profile]

Dir. Mrs. Karimunnisa 5. Shaikh
Modern College of Pharmacy,
Migdi, Fune, India. [View Profile]

Dr. 5ai Prachetan Balguri

ORISE Fellow at U.5. FOA COER/OPQIOTR,
Mew Hampshire Avenue Silver spring, MD, USA.
[Wiew Profile]



Dir. Shazia @asim Jamshed

Department of Pharmacy Practice,
Kulliyyah of Fharmacy,

Internaticnal Islamic University, Malaysia.

Oir. Shireesha Boyapati
‘Vaagdevi College of Pharmacy, Warangal, India.

Dir. Elwvis Adrian Fredrick Martis
Bombay College of Fharmacy,
Kalina, Mumbai. [Wiew Profile]

Dir. Pranaw Kumar Prabhakar

Lovely Faculty of Applied Medical Sciences,
Lowely Professicnal University,

Phagwara, Punjab, India.

[view Profile]

Dir. Thirumal Kumar D
Department of Bioinformatics

Saveetha Institute of Medical and Technical Sciences

Chennai, Tamil Madu, India.
[Wiew Profile]

Dr. Sonam Bhatia
Faculty of Health Science,
Sam Higginbottom University of Agriculture,

Technology and Sciences, Allahabad, India. [Wiew Frofile]

Dr. . N. Gupta
Birla Institute of Technology
Mesra, India. [View Profile]

Dr. Jone Stanley

College of Veterinary Medicine & Biomedical Sciences,

Texas A&M; University, Texas, USA. [Wiew Profile]

Prof. Flavic Marques Lopes
UFG - School of Fharmacy,
Goignia, Brazil. [View Profile]

DOr. Emad Shalaby
Cairo University,
Cairo, Egypt. [View Profile]

Dir. Kondawar M. 5.

Appasaheb Birnale College of Pharmacy
Sangli, India.

Dir. Talha Bin Emran

Department of Pharmacy,

BGC Trust University,

Chittagong, Bangladesh. [Wiew Profile]

Dr. A. Lakshmana Rao
WAL Institute of Pharmaceutical Sciences
Gudlavalleru, India.

Dr. Farhad Shahsawar

Professor of Immunology,

Lorestan University of Medical Sciences,
Khomramabad, Iran. [WView Profile]

Or. Hipapan Malisorn
Thammasat University, Pathumthani, Thailand.

Dr. Sanjoy Kumar Das
Institute of Pharmacy, Jalpaiguri, Indis.
[Wiew Profile]

Dr. Anoja Priyadarshani Attanayake
Department of Biochemistry,

Faculty of Medicine, University of Ruhuna,
Sri Lanka.

Or. Muhammad Alkram

Department of Eastern Medicine,

Directorate of Medical Sciences,

Faculty of Science and Technology, Government
College University Faisalabad, Pakistan.

[View Profile]

Dr. Dinesh Kumar Mishra
Indore Institute of Pharmacy, Indore, India.
[Wiew Profile]

Dr. Mohamed Gamal Mahmoud
Faculty of Fharmacy, Beni Suef University,
Beni Suef, Egypt. [View Profile]

Or. Narendar Dudhipala
Department of Pharmaceutics and Drug Delivery,
School of Pharmacy, University of Mississippi, USA.

Dir. Qian Zhong

Faoch Institute of Integrative Cancer Research,
Massachusetts Institute of Technology,
Cambridge, MA.

Dr. J. R. Gadag
Karnatak University,
Charwad, India.

Or. U.5.Mahadewva Rao
Faculty of Medicine, Universiti Sultan Zainal Abidin
Malaysia. [Wiew Profile]

Or. Sureshbabu Magarajan
Louisiana State University,
Woodrow Street Shreveport, LA

Oir. Gurinder Singh
Department of Fharmaceutics,
Al-Ameen College of Pharmacy, Bangalore, India.



JAP Journal of Applied _ "Bl
Pharmaceutical Science : *

\j &

Home About the Journal Editorial Board Author's Guidelines. Submit Manuscript Contact Users Online:

Past Issue
CURRENT ISSUE
August, 2021

Volume: 9, Issue: § August, 2019 Fss Feed

ARCHIVES

Research Article: Short chain linear and cyclic cationic peptide designed from cecropin B: R

Synthesis and anticancer activity

Ravi Dutt Sharma, Jainendra Jsin, Ratan Lal Khosa
DOE 10.7324.JAPS.2019.908017 Pages: 001010 o n []

[Abstract] [Full Text HTML] [Full Text PDF] [HML: Abstract + References]

Research Article: Outcomes of the patients of heart failure with reduced ejection fraction
receiving inotropic support in initial & hours: Insights from Manipal Heart Failure Registry
wa'T s Ajit Singh, Sheets| Cheuhan, Ganesh Paramasivam, Tom Devasia, Yeshwanth Rao, Prasad
Marayana Shetty, Mavaneeth Amin, Deepak Uppunda, Hashir Kareem

DOl 10 7324/JAPS.2019.90802 Pages: 011017

[Abstract] [Full Text HTML] [Full Text PDOF] [XML: Abstract + References]

Research Article: Synthesis and anticancer petential of aminomethyl derivatives of methyl-
substituted azymmetrical curcumin mano-carbonyl
Arini Kurnia, Fadlina Chany Saputri, Hayun Hayun

DOl 10,7324 JAPS.2019.90802 Pages: 018-024

[Abstract] [Full Text HTML] [Full Text POF] [XML: Abstract + References]

Research Article: Angiotensin-converting enzyme inhibitery activity of polyphenolic
compounds from Peperomis pellucids (L) Kunth: &n in silico molecular docking study
Islemudin Ahmad, Azminegh, Kemarza Mulis, Amry Yanuar, Abdul Munim

DOIL: 10.7324/JAP5 2012508041 Pages: 025031

[Abstract] [Full Test HTML] [Full Text PDF] [{ML: Abstract + References]

Research Article: Formulation and in vitro characterization of anticancer drugs
encapsulated chitosan/multi-walled carbon nanotube nanocomposites

Rokaya Aly Socbh, Hanes El-Sayed Masw, Wael Ssbry Mohamed

DO 10.7324/JAP5.2012.80805 Pages: 032-040

[Abstract] [Full Text HTML] [Full Text PDF] [XML: Abstract + References]

Research Article: Coelomic fluid of Lumbricus rubellus enhances anti-prolieniferative effect
of S-fluorouracil by modulating focal adhesion kinase express and IL-15 of colorectal cancer
in mice

Sofy Permana, Reny Purnama Hadi, Eviana Morahmawati, Agustina Tri Endharti

DOl: 10.7224/JAPS5.2019.50806 Pages: 0410468

[Abstract] [Full Text HTML] [Full Text PDF]  [XML: Abstract + References)

Mini Review: Chemical composition and antiexidant studies of underutilized part of
mangesteen (Garciniz mangostana L.} fruit
Abdul Rehman, Mohamad Rafi, Gemini Alam, Muchtaridi Muchtaridi, Anjar Windarsih

DOl: 10.7224/JAPS5 201590807 Pages: 047-052

Fe=—= i [Abstract] [Full Text HTML] [Full Text PDF]  [XML: Abstract + References]

Research Article: Izolation of flavonel rhamnosides from Pometia pinnats leaves and
investigation of a-glucosidase inhibitory activity of flavonel derivatives

Fadhila Utari, Afrizal Itam, Syafrizayanti Sysafrizayanti, Widya Hasvini Putri, Masayuki Ninomiya,
Mamoru Koketsu, Kaori Tanaka, Mai Efdi

DOl: 10.7224/JAPS5.2019.50808 Pages: 053085

[Abstract] [Full Text HTML] [Full Text PDF]  [XML: Abstract + References]



'Im_lml_lmilhll_;

-
-

=

[

tal
]

120 L

—_— - -

Research Article: In vitro cytotoxic activity assay of bacteria extract derived marine sponge
Haliclona fascigera toward Hela, Wilr, T470, and Vero cell line

Meny Sandrawati, Regina Pariatno, Metty Suharti, Dian Handayani

DOl: 10.7324/JAP5 . 2019.20802 Pages: 0668070

[Abstract] [Full Text HTML] [Full Text PDF]  [XML: Abstract + References]

Research Article: ldentification and guantitation of related substances of super potent
sterpid in its topical combination drug preduct with vitamin D3 analogue

MVWSS5 Marayana Murty Negulskonds, Kali Krishna Praveen Gadde, Krishnemurthy Tatikonds,
Mageswara Rao Gollapalli

DOl: 10.7324/JAPS.2019.20810 Pages: 071078

[Abstract] [Full Text HTML] [Full Text PDF] [XML: Abstract + References]

Research Article: Validation of an HPLC-KMS method for the determinatin of vardenafil in rat
urine

Livdmila Osypchuk, Inyne Halkevych, Sophia Devydovych, Yuriy Bidnychenko

DOI: 10.7324/JAPS 2019.20811 Pages: 073085

[Abstract] [Full Text HTML] [Full Text PDF]  [ML: Abstract + References]

Research Article: Development and evaluation of liguid oral controlled release systems for
Losartan potassium
Marws A Amer, Ebtessam A Esss, Ahmed A. Donia, Gamal M. El Maghraby

DOI: 10.7324/JAFS 201980812 Pages: 086083

[Abstract] [Full Text HTML] [Full Text FDF]  [XML: Abstract + References]

Research Article: Natural phytochemicals: Potential anti-HCV targets in silice approach
Arvind Kumar Shakya
DOl: 10.7324/JAPS 201520813 Pages: 024-100

[Abstract] [Full Text HTML] [Full Text PDF] [XML: Abstract + References]

Research Article: Optimization of microwave-assisted extraction technigue for isclation of
betulinic acid from Dillenia indica Linn. and its quantification using developed HPTLC method
Dipal Mahendrabhai Gandhi, Harshal Patel, Mrupesh Patel, Priti Mehta

DOI: 10.7224/JAPS 201920814  Pages: 101-110

[Abstract] [Full Text HTML] [Full Text PDF]  [XML: Abstract + References]

Research Article: Inhalation effect of mazsoilactone from massoia essential oil on lipid
profile, liver tissues, and body weight of Sprague Dawley rat

Irmanida Batubara, Yanico Hadi Prayogo. Irma Herawati Suparto, Bernry Juliandi, Susumu
Uchiyama

DOl 10.7224/JAPS. 201990815  Pages: 111-118

[Abstract] [Full Text HTML] [Full Text PDF]  [XML: Abstract + References]

Review Article: Chalcones bearing N, O, and S-heterocycles: Recent notes on their
biological significances
Bayu Ardiansah

DOl 10.7224/JAPS.2019.20816 Pages: 117-128

[Abstract] [Full Text HTML] [Full Text PDF]  [XML: Abstract + References]

Review Article: Emerging nancparticulate systems: Preparation technigues and stimuli
responsive release characteristics

Shailja Jain, Saravan Krishna Cherukupalli, Arisha Mshmood, Srividya Gorantla, Wamshi
Krishna Rapalli, Sunil Kumar Dubey, Gautam Singhvi

DOl 10.7224/JAPS.2019.90817  Pages: 130-143

[Abstract] [Full Text HTML] [Full Text PDF]  [XML: Abstract + References)

Review Article: Review on an ethnomedicinal practices of wild mughrooms by the local tribes of India
Sanjit Debnath, Bapi Debnath, Panna Das, Ajay Krishna Saha

DOI: 10.7324/JAPS.2019.90818 Pages: 144-156

[Abstract] [Full Text HTML] [Full Text PFDF]  [XML: Abstract + References]





