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ABSTRACT
Alzheimer's disease (AD) is the most prevalent, complex neurodegenerative disorder of the central
nervous system, affecting over 20 million individuals worldwide. AD is a dementia- related disease
which is characterized by t-protein aggregation, amyloid-ß deposits, oxidative stress and lowered
levels of acetylcholine in the brain. Currently a few class of drugs such as Acetylcholinesterase
(AChE) inhibitors, antioxidants, metal chelators, monoamine oxidase inhibitors, anti-inflammatory
drugs and NMDA inhibitors are available and at best they offer some relief of symptoms. Presently,
AChE inhibitors like Rivastigmine are the most effective therapy for AD. In this study, we analyzed
seven Rivastigmine analogues de novo for pharmacokinetic profile (adsorption, distribution,
metabolism and excretion) and toxicity by using Pre-ADMET tool which can predict physico-chemical,
drug absorption and drug-like properties. The results showed that two Rivastigmine analogues
(R=OH, R=Br) which showed good binding affinities for Acetyl cholinesterase (PDB ID: 1B41) exhibited
more or similar ADME and toxicity properties in comparison to Rivastigmine. These designed
analogues have the potential to become new lead compounds that might guide the design of drugs
with optimized pharmacodynamic and pharmacokinetic properties in order to improve the treatment
of Alzheimer's disease by creating new pharmacotherapeutic options.
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INTRODUCTION
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planning,

language
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perception. It was believed that Alzheimer's

effective

disease resulted from an increase in the

cognitive

production or accumulation of a specific

Alzheimer disease 7.

protein (β-Amyloid protein) that leads to nerve

Recently

cell death and decreased cholinergic activity

treatments

2, 3.

improved

by

receptor site. A promising tool for SBDD is
virtual

appropriate

binding

progression
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Alzheimer's

the
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disease.

Donepezil
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kinetics of the drug 8. Computer Aided Drug
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designing programs like Cost Saving, Time-to-
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acquire
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side effects than the other three. Most experts

modify the drug compounds for improved

in Alzheimer's disease do not believe there is

fit 9. The present study was carried out to

an important difference in the effectiveness of

investigate the pharmacokinetic (ADME) and

these three drugs. Several studies suggest

toxicity of new Rivastigmine analogues in

that the progression of symptoms of patients

order to produce new lead molecule for the
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treatment of Alzheimer’s disease (AD) using

Analogues of Rivastigmine: The structural

virtual (in-silico) screening.

analogs of Rivastigmine were developed with
structural modifications in hydrophilic region

MATERIALS AND METHODS

of Rivastigmine with different substituents.

Software’s used:

The structures were built and the energy

The commercial software’s like HyperChem

minimizations were done with HYPERCHEM

Release 7.5, OPENEYE and Pre-ADMET were
used

for

in-silico

Rivastigmine

ADMET

and

its

prediction

seven

7.2 version software.

of

Identification and Optimization of Solvent:

analogues.

Solvation plays an important role in many

HyperChem is a versatile molecular modeller

aspects of medicinal chemistry in particular.

and editor and a powerful computational
package.

It

performs

many

actions

For instance, most compounds of relevance

like

for medicinal chemistry are flexible and very

building and displaying molecules, optimizing

often have polar functional groups. As the

the structures of molecules, investigating the

most

reactivity of molecules and functional groups,
evaluating

chemical

only calculations including the solvent may
yield meaningful results. Calculations on

mechanics calculations. OPENEYE software

various aspects of ligand–enzyme/receptor

was utilized to identify the intermolecular

interactions and partitioning between phases

energy of all molecules in both complex and
Pre-ADMET

medicinal

different from the properties in vacuo and

of molecules and molecular and quantum

system.

in

in this highly polar solvent may be drastically

pathways,

mechanisms studying the dynamic behavior

solvated

solvent

chemistry is water, conformational properties

generating and viewing orbital and electronic
plots,

important

require the consideration of solvation effects.

commercial

Thus the accurate estimation of solvent

software also used to predict the Pharmaco-

effects is a key problem in computational

kinetics and toxicity properties (ADMET) of

medicinal chemistry.

drug candidates in silico.
Protein Identification and Preparation: The

The molecules were solvated and then it was

three

of

optimized in four stages. It starts from

Acetylcholinestrase was obtained from the

hydrogen atoms, water molecules, part of the

protein data bank (PDB ID - 1B41). The

molecule,

protein

a

selected and optimized. In each time the

refinement protocol using HYPERCHEM in

optimization has done by two steps. Steepest

which the constraints on the enzyme were

descent, Conjugate Gradient (Polak ribiere)

gradually

Acetyl

each stage was carried out using the previous

cholinesterase is a serine hydrolase, which is

stage output as its input. The optimized

responsible for regulation of nerve signal

structure

transmission. It rapidly cleaves acetylcholine

intramolecular energy such as bond angle,

and is one of the fastest enzymes known. It

bond length, and torsion angle of ligand in

belongs

solvated

dimensional

structure

was

removed.

to

the

structure

subjected

Figure

enzyme

1.

to

classification

and

was

then

entire

used

system

to

using

system

calculate

atoms and 4840 bonds.
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calculated

in

solvated

system

using

created seven analogs of the drug functional

OPENEYE.

groups
studied

to deficiencies in ADME or toxicological

companies

kind

human

Intestinal

combinatorial

chemistry

library

to

enable

The Rivastigmine and the

of the molecule and entire molecule. Here we
are solvating the Rivastigmine, if we are
considering

and

only

the

docking

energy

of

molecule, solvent may also interact and

design

interfere with ADMET prediction. In order to

considering the Lipinski’s rule or lead-like

reduce that interaction, we solvated the

rule, drug absorption and water solubility.

Rivastigmine

RESULTS AND DISCUSSION

molecules

first.

Finally

we

optimized the entire solvated system using

Analogues of Rivastigmine: Rivastigmine

OPENEYE.

was the drug selected and modified. Earlier

Also

all

the

Rivastigmine

analogues were processed in same way for

study by Preeth et al. replaced the hydrophilic

solvation

region on the target molecule with other

process.

Solvated

molecules

Figure 1 has given below.
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optimized gradually like, hydrogen, H2O, part

plasma protein binding. Pre-ADMET is useful
screening

as

First Rivastigmine has selected and it was

(BBB) penetration, skin permeability and
throughput

so

Identification and Optimization of Solvent:

absorption

Caco-2 cell, MDCK cell, Blood-Brain-Barrier

high

“Blank”,

seven analogs listed in Table No 1.

of

(both passive and active), permeability for

for

of

form by clicking.

polar & polar surface area, water solubility,
compounds,

energy,

analogs 2D structure was converted into 3D

or calculate many physical properties (non
properties

various

to the initial drug itself. The Rivastigmine and

Pre-ADMET is a program designed to predict

absorption

performing

us analyze relative superiority of the analogs

that are likely to fail further down the lane.

the

by

comparative study of the analogs and to help

discarding compounds in the discovery phase

etc.),

The

the seven analogues for various studies as a

for

predicting drug-likeness with the aim of

logP,

10.

Rivastigmine has been considered along with

vitro ADME screening has been implemented
pharmaceutical

random)

simulation as well as QSAR calculations.

properties during the development, a set of in
most

at

Rivastigmine and the seven analogs were
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Table.1.Rivastigmine and its analogues with their minimized structures
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Fig.1.Energy optimization of solvated Rivastigmine and its seven analogues
Protein Active site and Analogue selection:

(AS), the active site-selective aromatic binding

Investigation of the active site of AChE allows

site (AACS), and the acyl binding site (ACS)

the identification of one peripheral anionic

11,12.

site (PAS) and at least five major binding

of AChE bind to the active site or to the

sites: the oxyanion hole (OH), the esteratic

peripheral anionic site (PAS), an allosteric site

site (ES), the anionic substrate binding site

located

These studies show that these inhibitors

at

the

active

site

center
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entrance, or they span the two sites there by

According to earlier study, out of seven

occupy much of the active center gorge.

Rivastigmine analogues only two analogues;

Mutagenesis and structural studies have

MOL- I (R=OH) and MOL-III (R=Br) showed

revealed the functional role of the residues

good

Tyr72, Asp74, Tyr124, Trp286 and Tyr341 at

binding energy and

the PAS

AChE in comparison to Rivastigmine [10]. So,

of

13-16.

The three dimensional structure

Acetylcholinestrase complexed

with

these

binding

two

Rivastigmine (PDB ID: 1GQR), its binding

selected

pocket with a molecule of Rivastigmine and

studies.

energies,

low

free

high affinities towards

Rivastigmine

for

relative

further

analogues

ADMET

were

prediction

active site of AChE was shown in Figure 2.

Fig.2.Binding of Acetyl cholinesterase (AChE) with Rivastigmine and its active site. A) Crystal
structure of Acetyl cholinesterase complexed with Rivastigmine (PDB ID- 1GQR)
B) Rivastigmine
molecule fitted in binding pocket of AChE. C) Detailed view of the active site after alignment of
Acetylcholinesterase from Homo sapiens, Musculus and Torpedo California.
ADMET Prediction:
A significant bottleneck remains in the drug

program

designed

discovery procedure, in particular in the later

chemical,

drug

stages of lead discovery, is analysis of the

properties.

It

ADME and overt toxicity properties of drug

properties

candidates.

Over 50% of the candidates

descriptions, descriptors, for example, non

failed due to ADME/Tox deficiencies during

polar & polar surface area, water solubility,

development.

logP, etc...

To avoid this failure at the

to

predict

absorption
calculates

and

The

physico-

and

drug-like

many

physical

some

absorption

mathematical

properties

of

development a set of in vitro ADME screens

compounds, Caco-2 cell, MDCK cell, Blood-

has

most

Brain-Barrier (BBB) penetration, and human

pharmaceutical companies with the aim of

Intestinal absorption (both passive and active)

discarding compounds in the discovery phase

can

that are likely to fail further down the line.

prediction system is composed of MLR and

Even though the early stage in vitro ADME

Artificial Neural Network and is trained with

reduces the probability of the failure at the

experimental data. The absorption properties

development stage, it is still time-consuming

were described with the descriptors that were

and resource-intensive. Pre-ADME is a

selected with Genetic Algorithm. PreADME is

been

implemented

in

be

predicted

by

Pre-ADME.
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useful for high throughput screening and

software and results were shown in Table 2

combinatorial

and Table 3 respectively. Here the absorption

chemistry

library

design

considering the Linpinski’s rule or lead-like

and

distribution

rule, drug absorption and water solubility.

Rivastigmine. Molecule I have shown positive

The Pharmaco Kinetics (ADME) and toxicity

results

properties of Rivastigmine, Molecule I and III

Rivastigmine and but molecule III shown the

were predicted using Pre-ADMET commercial

out of range carcinogenicity.

for

were

carcinogenicity

similar
in

rats

like
like

Table.2.Predication of Absorption and Distribution of Rivastigmine, Mol-I and Mol-III

Molecule

ADME

Parameters

Values

Rivastigmine

Absorption

Human intestinal absorption (HIA, %)

100.000000

(4 Items)

Invitro Caco-2 cell permeability (nm/sec)

22.2027*

Invitro MDCK cell permeability(nm/sec)

0.0434155*

Invitro skin permeability (logKp, cm/hr)

-0.721767*

Distribution

Invitro plasma protein binding (%)

100.000000

(2 Items)

Invivo blood-brain barrier penetration
(C.brain/C.blood)

28.1352*

Absorption

Human intestinal absorption (HIA, %)

100.000000

(4 Items)

In vitro Caco-2 cell permeability (nm/sec)

22.2027*

Invitro MDCK cell permeability(nm/sec)

0.0434531*

Invitro skin permeability (logKp, cm/hr)

-0.719455*

Distribution

Invitro plasma protein binding (%)

100.000000

(2 Items)

Invivo blood-brain barrier penetration
(C.brain/C.blood)

28.3904*

Absorption

Human intestinal absorption (HIA, %)

100.000000

(4 Items)

In vitro Caco-2 cell permeability(nm/sec)

58.1936**

Invitro MDCK cell permeability(nm/sec)

0.0434155*

Invitro skin permeability (logKp, cm/hr)

-0.795268**

Distribution

Invitro plasma protein binding (%)

97.448797**

(2 Items)

Invivo blood-brain barrier penetration
(C.brain/C.blood)

22.1507**

MOL- I
(R=OH)

MOL-III
(R=Br)
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Table.3.Predication of Toxicity of Rivastigmine, Mol-I and Mol-III
Molecule

Toxicity

Parameters

Values

Rivastigmine

Ames test(7 Items)

Ames TA100 (+S9)

Negative

Ames TA100 (-S9)

negative

Ames TA1535 (+S9)

negative

Ames TA1535 (-S9)

negative

Ames TA98 (+S9)

negative

Ames TA98 (-S9)

negative

Ames test

non-mutagen

Carcinogenicity

Carcinogenicity (Mouse)

Negative

Ames test (7 Items)

Carcinogenicity (Rat)
Ames TA100 (+S9)

positive
Negative

Ames TA100 (-S9)

negative

Ames TA1535 (+S9)

negative

Ames TA1535 (-S9)

negative

Ames TA98 (+S9)

negative

Ames TA98 (-S9)

negative

Carcinogenicity

Ames test
Carcinogenicity (Mouse)

Non- mutagen
Negative

Ames test (7 Items)

Carcinogenicity (Rat)
Ames TA100 (+S9)

positive
Negative

Ames TA100 (-S9)

negative

Ames TA1535 (+S9)

negative

Ames TA1535 (-S9)

negative

Ames TA98 (+S9)

negative

Ames TA98 (-S9)

negative

Ames test
Carcinogenicity (Mouse)

non-mutagen
Out of range

Carcinogenicity (Rat)

Out of range

MOL-I (R=OH)

MOL-III (R=Br)

Carcinogenicity

These results has clearly indicate that before

relative binding affinities for speeding up drug

synthesis and biochemical testing of new

discovery process by eliminating less potent

analogs, one can use molecular mechanics

compounds from synthesis.

based methods for qualitative assessment of

Rivastigmine have 27.50. Binding energy, for
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newly designed molecules I and III have a
similar

binding

energy,

followed

by

efficacy and safety of ENA 713
(Rivastigmine
tartrate),
a
new
Acetylcholinestrase
inhibitor,
in
patients with mild to moderately
severe Alzheimer’s disease. Int J
Geriatr Psycho pharmacol. 1998; 1:
55–65.
7. Farlow RM. Update on Rivastigmine.
The Neurologist. 2003; 9: 230–234.
8. Ulf M, Povl K, Tommy L. Textbook of
Drug
Design
and
Discovery.
Washington, DC: Taylor & Francis;
2002. 21p.
9. Andrew RL, Jhoti H. Structure-based
Drug Discovery. Berlin: Springer;
2007.
10. Preeth M, Shobana J, Mary AJ,
Suresh A, Suresh V, Senthil KN.
Structure based drug designing of new
acetyl Cholinesterase inhibitors for
alzheimer’s disease. J Biosci Tech.
2010; 1 (4): 162-169.
11. Eichler J, Anselmet A, Sussman JL,
Massoulie J, Silman I. Differential
effects of ‘peripheral' site ligands on
Torpedo
and
chicken
acetylcholinesterase. Mol Pharmacol.
1994; 45: 335–340.
12. Lin G, Lai CY, Liao WC. Molecular
recognition by acetylcholinesterase at
the peripheral anionic site: structureactivity relationships for inhibitions by
aryl carbamates. Bioorg Med Chem.
1999; 7 (12): 2683-3689.
13. Barak D, Kronman C, Ordentlich A,
Ariel N, Bromberg A, Marcus D, Lazar
A,
Velan
B,
Shafferman
A.
Acetylcholinesterase
peripheral
anionic site degeneracy conferred by
amino acid arrays sharing a common
core. J Biol Chem. 1994; 269 (9):
6296-6305.
14. Harel M, Kleywegt GJ, Ravelli RB,
Silman I, Sussman JL. Crystal
structure of an acetylcholinesterase–
fasciculin complex: interaction of a
three-fingered toxin from snake venom
with its target. Structure. 1995; 3:
1355–1366.
15. Bourne Y, Taylor P, Radic Z, Marchot
P. Structural insights into ligand
interactions
at
the
acetylcholinesterase
peripheral
anionic site. EMBO J. 2003; 22: 1–12.
16. Bourne Y, Kolb HC, Radic Z,
Sharpless, KB, Taylor P, Marchot P.
Freeze-frame inhibitor captures acetyl
cholinesterase
in
a
unique
conformation. Proc Natl Acad Sci USA.
2004; 101: 1449-1454.

we

calculated the relative free binding energy for
all molecule in that also molecules I and III
have a less relative free binding energy.
Therefore, we are suggesting that molecule I
and III may have a biological activity like
Rivastigmine or more than Rivastigmine.
In Second stage of our study is ADMET
prediction. Molecule

I

(OH)

have

shown

positive result in carcinogenicity in rats like
rivastigmine, but molecule III (Br) showed out
of range result in carcinogenicity. The results
obtained so far will be useful for development
of novel second generation AChE inhibitor
candidates structurally related to the known
standard drugs. Here we are suggesting for
the further depth toxicity prediction like
hepato

toxicity,

cardiotoxicity,

and

nephrotoxicity. Also, synthesis in wet lab and
NMR, IR studies with these molecules may
result in future leads for effective clinical use
in Alzheimer’s disease.
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