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ABSTRACT: 4-[4-(4-Chlorophenyl)-4-hydroxypiperidin-1-yl]-N, N-dimethyl-2,2-diphenylbutanamide
(loperamide), a piperidine derivative, is an opioid antimotility drug used against diarrhea resulting from
gastroenteritis or inflammatory bowel disease. Loperamide is an opioid-receptor agonist and acts on the
μ-opioid receptors in the myenteric plexus of the large intestine. In silicoconforrnation analysis (geometry
optimization) was performed on a window based computer using Argus lab. The minimum potential
energy was calculated by using geometry convergence function in Argus lab software. Molecular
mechanics final energy evaluation was predicted to be 165.819591 kcal/mol. This is the minimum
potential energy for unreatedloperamide. Molecular docking of loperamide with Plasmodium falciparum
dihydrofolate reductase-thymidylate synthase was performed. Binding free energy function based on the
atomic contact energy was estimated. The best scoring function gave atomic contant energy of -310.80
Kcal/mole. Dectivation of Plasmodium falciparum dihydrofolate reductase-thymidylate synthase with
loperamide is feasible for malaria eradication.
Keywords: Loperamide, in silico, molecular mechanics, molecular docking
INTRODUCTION
Drug design is an iterative process which begins
with identification of a compound that displays
an interesting biological profile and proceeds
until the activity profile is characterized by
minimum undesirable side effects and chemical
synthesis is optimized 1. One of the main issues
faced currently by the pharmaceutical industry
is finding appropriate ligands for a given target
protein and ensuring that they are highly
specific for that target2. Finding a therapeutic
compound that binds selectively to a target
receptor is not an easy task in the laboratory 2.
Thus, this problem can be handled by using a
combination of computer simulations together
with laboratory work 2. Thanks to the wide
spread availability of high performance
computers and new computational techniques,
receptors and their binding interactions with
ligands can be defined at a molecular level with
high accuracy 2. Conformational analysis is the

study of the conformations of a molecule and
their influence to its chemical, physical or
biological properties3. The development of
conformational analysis was enhanced due to
the advancement of analytical techniques (e.g.,
infrared (IR) spectroscopy, nuclear magnetic
resonance (NMR) spectroscopy and X-ray
crystallography) which allow to explore the
conformational properties of a molecule 2. The
knowledge of the conformations of a ligand at
the binding site of a receptor assists in the
rational approach to drug design2. Today, many
of the molecular mechanics force fields use
relatively simple four components of the intraand inter-molecular forces within the system.
Energetic penalties are associated with the
deviation of bond lengths, bond angles and
torsion angles from their reference or
equilibrium values. More sophisticated force
fields may include additional terms, but they
invariable contain these four components 3,4,5,6:
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where, 𝜗(rN ) denotes the potential energy,
which is a function of the positions (r) of
N particles (e.g., atoms). The first term
represents the interaction between pairs of
bonded atoms. This is modeled by a harmonic
potential that leads to an increase in energy as
the bond length (l) deviates from the reference
value. The second term is associated with bond
angle deformations modeled using a harmonic
potential. The third term represents the
torsional potential and models the energy
changes relatively to bond rotations. The fourth
term is associated with the non-bonded atoms
and is calculated between all pairs of atoms
(iand j) that are in different molecules or in the
same molecule but separated by at least three
bonds. This term is usually modeled using a
Lennard-Jones potential for van der Waals
interactions and Coulomb potential for
electrostatic interactions 3,4,5,6. Conformational
analysis of molecule is based on molecular
mechanics. It is a method for the calculation of
molecular structures, conformational energies
and other molecular properties using concept
from classical mechanics 8. A molecule is
considered as a collection of atoms held together
by classical forces. These forces are described by
potential energy function of structural features
like bond lengths, bond angles, dihedral angles
and torsion anglese9. The energy (E) of the
molecule is calculated as a sum of terms as in
equation (1).
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Molecular docking or (in silicodocking) is a
method which predicts the preferred
conformations of one molecule to a second one
when bound to each other to form a stable
complex. Molecular docking can be considered
as a dynamic procedure where the correct
geometry of a “key” is sought which will open
the “lock” 3,4,7. The docking problem involves
several degrees of freedom, for example there
are six translational and rotational degrees of
freedom of a molecule relative to other as well
as the conformational degrees of freedom of
each molecule 3,4,7. Loperamide a piperidine
derivative 10, is an opioid antimotility drug used
against diarrhea resulting from gastroenteritis
or inflammatory bowel disease. Loperamide is
an opioid-receptor agonist and acts on the μopioid receptors in the myenteric plexus of the
large intestine; by itself it does not affect the
central nervous system 11, 12. Its molecular
docking
studies
with
Plasmodium
falciparumdihydrofolate reductase-thymidylate
synthase (PfDHFR-TS) have not been studied.
Plasmodium falciparumdihydrofolate reductasethymidylate synthase (PfDHFR-TS) is an
important target of antimalarial drugs 13. We
hereby present In silico conformation analysis of
4-[4-(4-Chlorophenyl)-4-hydroxypiperidin-1yl]-N,N-dimethyl-2,2-diphenylbutanam
-ide
(loperamide) and its molecular docking studies
with
Plasmodium
falciparumdihydrofolate
reductase-thymidylate synthase (PfDHFR-TS).
Experimental

𝐸=
𝐸𝑠𝑡𝑟𝑒𝑡𝑐ℎ𝑖𝑛𝑔 + 𝐸𝑏𝑒𝑛𝑑𝑖𝑛𝑔 + 𝐸𝑡𝑜𝑟𝑠𝑖𝑜𝑛 +
𝐸𝑣𝑎𝑛𝑑𝑒𝑟𝑤𝑎𝑎𝑙𝑠 + 𝐸𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑠𝑡𝑎𝑡𝑖𝑐 + 𝐸ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 +
𝑐𝑟𝑜𝑠𝑠𝑡𝑒𝑟𝑚 − − − 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1
These terms are of importance for the accurate
calculation of geometric properties of molecules.
The set of energy functions and the
corresponding parameters are called a force
field 9.

Structural drawings were performed with ACD
Lab Chem Sketch software. All conformational
analysis (geometry optimization) study was
performed on a window based computer using
Argus lab 14. The minimum potential energy was
calculated using geometry convergence function
in Argus lab software 14. PDB file of Plasmodium
falciparumdihydrofolate reductase-thymidylate
synthase (1j3i) was downloaded form protein
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data bank. PDB file code of 4-[4-(4Chlorophenyl)-4-hydroxypiperidin-1-yl]-N,Ndimethyl-2,2-diphenylbutanamide (DB00836)
was downloaded from Drug bank. Molecular
docking was performed using Patchdock
Molecular Docking Algorithm server 15, 16.
Results and Discussion
The bond length, bond angle, dihedral angles,
improper torsions , final atomic coordinates and
final energy evaluation of
4-[4-(4Chlorophenyl)-4-hydroxypiperidin-1-yl]-N,Ndimethyl-2,2-diphenylbutanamide (loperamide)
are presented in Tables 1, 2, 3, 4, 5 and 6
respectively. The prospective view and active
conformation
of
4-[4-(4-Chlorophenyl)-4hydroxypiperidin-1-yl]-N,N-dimethyl-2,2diphenylbutanamide
(loperamide)
are
presented in Figure 1 and 2 respectively. The xray crystallography structure of Plasmodium
falciparum dihydrofolate reductase-thymidylate
synthase (1j3i) is presented in Figure 3 while
loperamidePlasmodium falciparumdihydrofola
te reductase-thymidylate synthase complex is
shown in Figure 4.
Table 1: Bond lengthof Loperamide
Atom Number

Bond length

1 2

(C)-(C)

1.458000

1 3

(C)-(C)

1.323387

2 4

(C)-(C)

1.323387

3 5

(C)-(C)

1.458000

4 6

(C)-(C)

1.458000

4 13

(C)-(C)

1.486000

5 6

(C)-(C)

1.323387

7 8

(C)-(C)

1.458000

7 9

(C)-(C)

1.323387

8 10

(C)-(C)

1.323387

9 11

(C)-(C)

1.458000

10 12 (C)-(C)

1.458000
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10 13 (C)-(C)

1.486000

11 12 (C)-(C)

1.323387

13 14 (C)-(C)

1.489000

13 16 (C)-(C)

1.489000

14 15 (C)-(C)

1.464000

15 21 (C)-(N)

1.422764

16 17 (C)-(O)

1.260307

16 18 (C)-(N)

1.346235

18 19 (N)-(C)

1.422764

18 20 (N)-(C)

1.422764

21 22 (N)-(C)

1.422764

21 23 (N)-(C)

1.422764

22 26 (C)-(C)

1.438000

23 24 (C)-(C)

1.464000

24 25 (C)-(C)

1.489000

25 26 (C)-(C)

1.463000

25 27 (C)-(C)

1.486000

25 34 (C)-(O)

1.436155

27 28 (C)-(C)

1.458000

27 29 (C)-(C)

1.323387

28 30 (C)-(C)

1.323387

29 31 (C)-(C)

1.458000

30 32 (C)-(C)

1.458000

31 32 (C)-(C)

1.323387

32 33 (C)-(Cl)

1.795422
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Table 2: Bond angle of loperamide
Atom Numbers

Bond angles

Alternate
Bond angles

2 1 3 (C)-(C)-(C)

120.000000

216.488007

1 2 4 (C)-(C)-(C)

120.000000

216.488007

1 3 5 (C)-(C)-(C)

120.000000

216.488007

2 4 6 (C)-(C)-(C)

120.000000

216.488007

2 4 13 (C)-(C)-(C)

120.000000

209.804299

3 5 6 (C)-(C)-(C)

120.000000

216.488007

6 4 13 (C)-(C)-(C)

120.000000

183.094781

4 6 5 (C)-(C)-(C)

120.000000

216.488007

4 13 10(C)-(C)-(C)

109.470000

226.550294

4 13 14 (C)-(C)-(C)

109.470000

225.865192

4 13 16 (C)-(C)-(C)

109.470000

225.865192

8 7 9 (C)-(C)-(C)

120.000000

216.488007

7 8 10 (C)-(C)-(C)

120.000000

216.488007

7 9 11 (C)-(C)-(C)

120.000000

216.488007

8 10 1(C)-(C)-(C)

120.000000

216.488007

8 10 1(C)-(C)-(C)

120.000000

209.804299

9 11 12 (C)-(C)-(C)

120.000000

216.488007

12 10 13(C)-(C)-(C)

120.000000

183.094781

10 12 11 (C)-(C)-(C)

120.000000

216.488007

10 13 14 (C)-(C)-(C)

109.470000

225.865192

10 13 16 (C)-(C)-(C)

109.470000

225.865192

14 13 16 (C)-(C)-(C)

109.470000

225.183707

13 14 15 (C)-(C)-(C)

120.000000

181.430228

13 16 17 (C)-(C)-(O)

120.000000

268.043115

13 16 18 (C)-(C)-(N)

120.000000

271.876115

14 15 21 (C)-(C)-(N)

120.000000

258.357159
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15 21 22 (C)-(N)-(C)

120.000000

202.792364

15 21 23 (C)-(N)-(C)

120.000000

202.792364

17 16 18 (O)-(C)-(N)

120.000000

421.698151

16 18 19 (C)-(N)-(C)

120.000000

219.857183

16 18 20 (C)-(N)-(C)

120.000000

219.857183

19 18 20 (C)-(N)-(C)

120.000000

202.792364

22 21 23 (C)-(N)-(C)

120.000000

202.792364

21 22 26 (N)-(C)-(C)

120.000000

265.526231

21 23 24 (N)-(C)-(C)

120.000000

258.357159

22 26 25 (C)-(C)-(C)

180.000000

99.444129

23 24 25 (C)-(C)-(C)

120.000000

181.430228

24 25 26 (C)-(C)-(C)

109.470000

231.152617

24 25 27 (C)-(C)-(C)

109.470000

225.865192

24 25 34 (C)-(C)-(O)

109.470000

285.652813

26 25 27 (C)-(C)-(C)

109.470000

231.866066

26 25 34 (C)-(C)-(O)

109.470000

293.539668

27 25 34 (C)-(C)-(O)

109.470000

286.552527

25 27 28 (C)-(C)-(C)

120.000000

183.094781

25 27 29 (C)-(C)-(C)

120.000000

209.804299

28 27 29 (C)-(C)-(C)

120.000000

216.488007

27 28 30 (C)-(C)-(C)

120.000000

216.488007

27 29 31 (C)-(C)-(C)

120.000000

216.488007

28 30 32 (C)-(C)-(C)

120.000000

216.488007

29 31 32 (C)-(C)-(C)

120.000000

216.488007

30 32 31 (C)-(C)-(C)

120.000000

216.488007

30 32 33 (C)-(C)-(Cl)

120.000000

164.307828

31 32 33 (C)-(C)-(Cl)

120.000000

183.593823
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Table 3: Dihedral Angles of Loperamide
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Table 4: Improper Torsions of Loperamide
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Table 6: Final Energy Evaluation

Table 5: Final atomic coordinates of
loperamide

OH
N
O

N

CH3

CH3

Cl

Figure 1: The prospective view of 4-[4-(4-Chlorophenyl)-4-hydroxypiperidin1-yl]-N,N-dimethyl-2,2-diphenylbutanamide (Loperamide)
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Table 7: Molecular docking resultsBased on
Shape Complementarity Principles
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with the bend between atoms i, j, and k. Eoopis
the energy required for deformation of a planar
group of atoms from its equilibrium angle, ωo,
usually equal to zero 17 - 20. This force field term
is useful for sp2 hybridized atoms such as doubly
bonded carbon atoms, and some small ring
systems. Again this system was modeled by a
spring, and the energy was given by the Hookian
potential with respect to planar angle (Equation
5) 17- 20
𝐸𝑜𝑜𝑝 = 1/2𝐾𝑜,𝑖𝑗𝑘𝑙 ( 𝜔𝑖𝑗𝑘𝑙 − 𝜔𝑜 )2 − −𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5
The terms ko,ijkl is the bending force constant and
ωijkl is the instantaneous bond angle. The out of
plane term is also called the improper torsion in
some force fields. The oop term is called the
improper torsion, because like a dihedral
torsion the term depended on four atoms, but
the atoms are numbered in a different order.

The prediction of Estrwas based on the Hookian
potential for an ideal spring as shown in
Equation 2 17 - 20. 𝐸𝑠𝑡𝑟 = 1/2𝐾𝑠,𝑖𝑗 (𝑟𝑖𝑗 − 𝑟𝑜 )2 −
−𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2 The term ks, ij is the stretching
force constant for the bond and rij is the
distance between two atoms. Estrrepresented
the energy required to stretch or compress a
bond between two atoms. Ebendis the energy
required to bend a bond from its equilibrium
angle, ∅o. Again this system was modeled by a
spring, and the energy was given by the Hookian
potential with respect to angle (Equation 3)17 –20
𝐸𝑏𝑒𝑛𝑑 =

1
2𝐾 𝑏,𝑖𝑗𝑘

(∅𝑖𝑗𝑘 −

∅𝑜 )2 — −𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3. The terms kb,ijkis the
bending force constant and ∅ijk is the
instantaneous bond angle.
Estr-bend is the
stretch-bend interaction energy that accounted
for the two associated bond lengths increase
when a bond is bent. The potential function that
modeled this interaction is shown in Equation 4
17 - 20.
𝐸𝑠𝑡𝑟−𝑏𝑒𝑛𝑑 = 1/2𝐾𝑠𝑏,𝑖𝑗𝑘 (𝑟𝑖𝑗 − 𝑟𝑜 )(∅𝑖𝑗𝑘 − ∅𝑜 ) − −
− 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4
The terms ksb,ijk is the stretch-bend force
constant for the bond between atoms i and j

Torsional Interactions: Etor is the energy of
torsion needed to rotate about bonds. Torsional
energies are usually important only for single
bonds because double and triple bonds are too
rigid to permit rotation. Torsional interactions
were modeled by the potential function in
Equation 6 17 - 20.
𝐸𝑡𝑜𝑟 =1/2𝐾𝑡𝑜𝑟,1 (1 + cos ∅ ) + 1/2𝐾𝑡𝑜𝑟,2 (1 +
cos 2∅) + 1/2𝐾𝑡𝑜𝑟 ,3 ) + (1 + 𝐶𝑜𝑠 3∅) − 𝐸𝑞. 6
The angle ∅ is the dihedral angle about the bond.
The constants ktor, 1, ktor, 2 and ktor, 3 are the
torsional constants for one-fold, two-fold and
three-fold rotational barriers, respectively.Van
der Waals interactions contributed to the steric
interactions in donepezil. The formula for the
Van der Waals energy is shown in Equation 7 17 20.
𝐸𝑉𝑑𝑊,𝑖𝑗 = −

𝐴
𝐵
+
− − − − − 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 7
𝑟𝑖𝑗 6
𝑟𝑖𝑗 12

A and B are constants dependent upon the
identities of the two atoms involved and rij is the
distance, in Angstroms, separating the two
nuclei. This equation is also called the LennardJones potential. The - A/r6 part is the attractive
part and the + B/r12 part is the repulsive part of
the interaction. For two hydrogen atoms in any
molecule: A = 70.38 kcal Å6 , B = 6286 kcal Å12.
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Electrostatic Interactions: If bonds in the
donepezil were polar, partial electrostatic
charges will reside on the atoms. The
electrostatic interactions are represented with a
Coulombic potential function shown in Equation
8 17 - 20.
𝐸𝑞𝑞,𝑖𝑗 =

𝑐𝑄𝑖 𝑄𝑗
− − − − − − − −𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 8
4𝜋𝜖𝑟 𝑟𝑖𝑗

The Qi and Qj are the partial atomic charges for
atoms i and j separated by a distance rij. εr
the relative dielectric constant. For gas phase
calculations ε is normally set to1. Larger values
of εr
effect of intervening solute or solvent atoms in
solution. cis a units conversion constant; for
kcal/mol, c =4172.8 kcal mol-1 Å. Like charges
raised the steric energy, while opposite charges
lowered the energy 17 - 20.Final Energy
Evaluation was predicted to be 165.819591
kcal/mol. This is the most minimum potential
energy for unreatedloperamide. Molecular
docking of loperamide with plasmodium
falciparum dihydrofolate reductase-thymidylate
synthase has been performed. Binding free
energy function based on the atomic contact
energy was estimated as shown in equation 9.
19∆𝐺
𝑐𝑎𝑙 = ∆𝐸𝑐 + ∆𝐸𝑒𝑙 − 𝑇∆𝑆𝑡𝑟𝑣 (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 9)
where ΔEc is the change in atomic contact
energy and ΔEel is the direct electrostatic
interaction between protease and its inhibitor.
The term ΔStrv denotes the entropy change
associated with the six degrees of freedom of
rotation/translation and vibration 19. The best
scoring function gave atomic contant energy of 310.80 Kcal/mole. Dectivation of Plasmodium
falciparum dihydrofolate reductase-thymidylate
synthase with loperamide is feasible for malaria
eradication.
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loperamide with Plasmodium falciparum
dihydrofolate reductase-thymidylate synthase
was performed. Binding free energy function
based on the atomic contact energy was
estimated. The best scoring function gave
atomic contant energy of -310.80 Kcal/mole.
Dectivation
of
Plasmodium
falciparum
dihydrofolate reductase-thymidylate synthase
with loperamide is feasible for malaria
eradication.
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