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Abstract

QSAR analysis from derivative compounds of 1,8-naphthalimide-4-aminoquinoline has been carried
out with the aim of knowing the quantitative relationship between structure and activity based on
the log IC50 value. The modelling was made with two dimensions and geometric optimization is
carried out. The AM1 semi-empirical method was used to optimize the geometry of the total energy
of 25 compounds. The descriptors in the QSAR calculation were dipole moment, atomic net charge,
ELUMO, EHOMO, SAG, SAA, hydration energy, polarizability, and log P. The descriptors were used to
find quantitative equations of the relationship between the structure and antimalarial activity.
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Introduction

Malaria is a disease that receives very
serious attention worldwide. The number of
reported human deaths from malaria is still
relatively high. The World Health
Organization (WHO) stated that from 2016
to 2020, the number of cases worldwide
increased from 226 million to 241 million,
and the number of deaths increased from
566,000 to 627,000 (WHO, 2021).

The general mechanism action of
malaria drugs is to form a strong binding
complex with hematin, inhibiting the
formation of hemozoin that accumulates in
the digestive vacuoles of the malaria
parasite. This cuts off the food supply and
kills parasites (Tilley, Loria and Foley, 2003)

For decades, one of the malaria drugs
(prophylaxis) is chloroquine. The drug is
widely used to treat malaria worldwide
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(White et al., 2014). The drug chloroquine is
also used to treat patients infected with
COVID-19, but the Food and Drug
Administration = (FDA)  cancelled its
emergency use permit in July 2020 (FDA,
2020).

In recent years, the parasite has
become resistant to antimalarial drugs, such
as Plasmodium falciparum resistance to
chloroquine and artemisinin, and is
widespread in various malaria-affected
areas (MAG, 2018). The existence of
resistance to standard antimalarial drugs
indicates the need to find new antimalarial
compounds with higher or at least
comparable therapeutic efficacy.

Synthesis of 1,8-naphthalimido-4-
aminoquinoline derivatives and obtained 25
conjugated derivatives, 19 compounds of
them had an inhibitory concentration value
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of 50 (IC50) lower than that of chloroquine
(Shalini et al, 2020). The IC50 for
chloroquine as a standard antimalarial drug
was reported to be 232.65 nM by means of
in-vitro test. IC50 is the drug concentration
required for 50% inhibition (Swinney,
2011). The IC50 value indicates that a
compound is effective as an antimalarial
agent by inhibiting biological processes by
half.

The study of 1,8-naphthalimido-4-
aminoquinoline derivatives can be carried
out using QSAR method. Computational
chemistry combines theoretically predicted
data with laboratory experimental data.
QSAR is known as structure-property
relationship which is visualized as biological
activity (Siswanta and Nugraha, 2017).

QSAR is used to design new drugs
and to study computationally the
relationship between activity and structure
of compounds. The application of the QSAR
method begins with geometry optimization
or structural modeling to obtain the
molecular descriptors, ie. using the
Hyperchem program package (Hamzah, Rauf
and Anam, 2014). The computation of
molecular descriptors allows computational
prediction of biological activity (Armunanto
and Sudiono, 2010). To the best of our
knowledge, there is no research of 1,8-
naphtalimido-4-aminoquinoline as
antimalarial using QSAR. In this research the
compound derivative of QSAR was tested
using the semi-empirical Austin model 1
(AM1).

Research methods
Tools and materials

The software used was Hyperchem
8.0.5, BuildQSAR 2.1.0, Avogadro 1.2.0 and
Notepad++ 8.1.2. All materials (data) used in
the form of data set structure and
antiplasmodial activity (IC50) from the
results of research in the form of the basic
compound 1,8-naphthalimide-4-
aminoquinoline (Shalini et al, 2020)
including 25 derivative compounds of 1,8 -
substituted naphthalimide-4-

Analysis of Quantitative...

aminoquinoline. QSAR analysis was done
using the multilinear regression method.

Procedure
Structure modeling and geometry
optimization

The two-dimensional structure was
added with H atoms and formed into a three-
dimensional structure and then geometry
was optimized using the AM1 semi-empirical
method. The convergence limit is
determined based on orientation
observations, namely the gradient limit used
is 0.1 kcal/(Amol) based on the Polak-
Ribiere algorithm (Rakhman et al., 2019).
Determination and calculation of
descriptors

Calculation of descriptor using the AM-
1 computational semiempirical method
using Hyperchem 8.0.5 in the form of an
electronic descriptor consisting of HOMO
energy, LUMO energy, dipole moment and
total atomic charge.

Multiple Linear Regression (MLR)
Analysis

MLR analysis was carried out using the
BuildQSAR software based on the genetic
algorithm method that was available in the
software to create an equation model. This
process also includes a cross-validation step
which excludes one from validating each
accepted equation. The independent
variables were hydrophobicity, steric and
electronic parameters and the dependent
variable was log IC50.

Data collection was divided into
training sets and test sets. A training set of 20
compounds selected at random was used to
develop the QSAR equation model and a test
set of 5 compounds was used to validate the
developed QSAR equation model.

The best validation of the equation
model is the data by considering the values
of R, R?, and PRESS. The best equation model
obtained can be used to predict the value of
theoretical antimalarial activity for each
compound 1,8-naphthalimido-4-
aminoquinoline.
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Results and Discussion
In this study, 25 derivatives of 1,8-

naphthalimido-4-aminoquinoline were
geometrically optimized. Geometry
optimization is a conformational

transformation process of a compound until
a conformation with the lowest potential
energy is obtained. The geometry
optimization process is carried out to obtain
the compound structure in a steady state to
minimize energy calculated using AM1. The
semi-empirical approach AM1 (Austin Model
1) was developed in the 1980s as a revision
of MNDO (Modified Neglect of Diatomic
Overlap), resolving its main flaw, specifically
the inability to form hydrogen bonds,
without increasing computation time
(Piekus-Stomka, Zapadka and Kupcewicz,
2022). Several previous study used this level
of theory in QSAR modelling had been
published (Garcia et al, 2022; Piekus-
Stomka, Zapadka and Kupcewicz, 2022).

The potential energy is lower due to
the influence of the distance between the
atoms making up the stable compound. The
constituent atoms have a specific electronic
charge, and the atoms are placed at a
distance that minimizes interactions
between atoms to prevent collisions of
potential charges due to the induction of
electrons from other constituent atoms. This
is the main reason why optimized
compounds have larger interatomic
distances and lower energies than non-
optimized compounds.

The compounds derived from 1,8-
naphthalimide-4-aminoquinoline which
have been geometrically optimized are
calculated using the calculation of chemical-
physical properties. This calculation is
needed to get the descriptor value for each
compound. The descriptors used in this
study were Hansch parameters consisting of
electronic parameters, steric parameters,
and hydrophobic parameters. The log 1C50
value data as the dependent variable and
descriptors as independent variables, were
processed by MLR analysis using BuildQSAR
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2.1.0 software. In calculating the QSAR, the
method used to find the best equation model
uses a genetic algorithm that can be
processed in terms of the highest correlation
coefficient or F-test equation and the lowest
standard deviation equation (De Oliveira and
Gaudio, 2001). The genetic algorithm
produces some of the best variable models
from the data set that has been entered.
Calculations using the genetic algorithm
method resulted in the best 4 equation
models. The four equation models can be
seen in Table 1.

The equation model obtained by the
BuildQSAR software was validated using a
training set and a test set. The training set
serves to develop the QSAR equation model
that meets the statistical criteria values (R,
R?, and PRESS). A test set is carried out to
confirm the QSAR equation model
Furthermore, 25 compounds derived from
1,8-naphthalimide-4-aminoquinoline were
divided into 20 compounds for the training
set and 5 compounds for the test set which
were randomly selected.

In Table 1, each model has different
predictions of antimalarial activity (log
IC50), therefore it is necessary to choose the
best equation that can predict log IC50
accurately. The selection of the best equation
model begins by looking at the involvement
of the Hansch parameters in the 4 equation
models. Hansch equation put forward the
concept that the relationship between
chemical structure and biological activity of
a compound can be expressed quantitatively
through electronic, steric, and hydrophobic
parameters (Yuliato, 2014). Based on this
concept, it is known that each parameter has
a relationship with one another in
determining the biological activity of a
compound. Table 1 shows that the four
equation models have descriptors that
represent the Hansch parameters.
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Table.1 MLR result set training descriptors and equation models

Model Descriptor

Equation Model

qC2

Log P
SAA
qC2

qc14  Log (IC50) = 13983 ( 0.7192) - 8.2044 (+ 4.5362) qC2 + 3.4984 (¢
2.3215) qC14 + 0.4657 (+ 0.1191) log P + 0.0019
(0.0012) SAA

qC14  Log (IC50) = 1.2453 (+ 0.8405) - 6.0202 (+ 3.8202) qC2 + 2.9555 (&

LogP  2.2089) qC14 +0.4310 (+ 0.1126) Log P + 0.0017 (+ 0.0011) SAG

SAG
qC4

qC14  Log(IC50) = 1.1287 (+ 0.8922) - 2.0067 (+ 1.2983) qC4 + 3.2819 (+

Log P 2.3593) qC14 + 0.4455 (+ 0.1180) Log P+ 0.0020 (= 0.0013) SAG

SAG
qC5

qC14  Log (IC50) = 1.7016 (+ 0.7413) + 4.3638 (+ 2.8541) qC5 + 2.8868

Log P (¥ 2.2245) qC14 + 0.4404 (£ 0.1171) Log P+ 0.0017 (+ 0.0011) SAG

SAG

The analysis of the best equation
model in this study begins with the statistical
criteria of the correlation coefficient (R
value). This measure describes the linearity
of the equation model. The increase in the
value of the dependent variable is
proportional to the increase in the value of
the independent variable when the R value is
high. An acceptable value of R must be above
0.9 (Kesar et al., 2019).

Table 2 R and R? values in the MLR training
set equation model

Model Descriptor R R?

Log

1 qC2 qC14 p

2 qC2 qCl4 Eog SAG 0.9100 0.8281

Log
P
Log
P

3 qC4 qCl4

4  qC5 qCl4

SAA 0.9140 0.8354

SAG 0.9090 0.8263

SAG 0.9080 0.8245

Table 2 shows that the four equation
models have R values above 0.9. The
descriptors (independent variables) in each
equation model have a strong relationship
with antimalarial activity (log IC50) as the
dependent

variable. The largest R value is found in
equation 1 model was 0.9140. The R value
proves that there is a strong relationship
between the independent variable and the
dependent variable.

The next statistical standard for the
best equation model is the value of R2. The R2
value shows the percentage of antimalarial
activity whose relationship can be explained
through the descriptors in the study. The
value of R? is more representative of the
actual influence value. In MLR, when a new
independent variable is entered into the
equation model, the value of Rz will
experience an increase in value, even though
the variable is not very influential.

The R2 value has standard that must be
met in order to get good results in the R2
value of the training set and the R? value of
the test set. The range of R? values in the
training set must be above 0.8 while the test
set must have a value above 0.6 (Kesar et al.,
2019). The R2value in Table 2 is the R2 value
of the training set. The RZ value for all
equation models above is 0.8. The largest R2
value is found in the equation 1 model was
0.8354.
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Table 4. PRESS value in the MLR result
equation model

A test set test was carried out to
validate the equation model, after it was

known that the R2 value of the training set in Model

the 4 equation models had a value above 0.8. Descriptor PRESS
In Table 3, the four equation models have 1 qC2 qCl4 LogP SAA 0.253
met the R? value above 0.6 which indicates

that the equation model can be used as the 2 qC2 qCl4 LogP SAG 0.257

best QSAR equation model.

Table 3. The value of R2 test set against the
training set equation model

Model R2
1 0.8965
2 0.9090
3 0.9002
4 0.9099

The R2 value in this study was
calculated using the BuildQSAR 2.1.0
software which has undergone several
adjustments based on the working method
used. The two parameters, both R and R?, are
a measure of the linearity of an equation
model, therefore it is necessary to consider
other statistical criteria.

Each of the statistical criteria
parameters used to analyze the four
equation models, provides a different
equation model as an equation model that
meets the relevant parameter criteria. It is
not enough to determine the equation model
just by looking at the completion of the
statistical parameter criteria.

The analysis needs to be continued by
using the PRESS parameter to test the level
of validation of the best equation model. The
PRESS value is the sum of the squared
differences between experimental activity
(log IC50 experiment) and prediction
activity (log IC50 prediction). If the PRESS
value of an equation model is small, it means
that the equation model obtained is excellent
because the value is almost near to the
experimental value.
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3 qC4 qCl4 LogP SAG 0.268
4 qC5 qCl4 LogP SAG 0.263

In Table 4 the PRESS value is getting
higher from model 1 to model 4. The
determination of the best equation model is
chosen based on the smallest PRESS value in
an equation model. Equation 1 has the
smallest PRESS value of 0.253.

After completing all the validation
methods and statistical criteria parameters,
equation 1 model was chosen as the best
equation model. The model can be described
as follows:

Log (IC50) = 1.3983 (* 0.7192) -
8.2044 (+ 4.5362) qC2 + 3.4984 (+ 2.3215)
qC14 + 0.4657 (+0.1191) log P + 0.0019
(¥0.0012) SAA with n = 20; R = 0.914; R2 =
0.8354; PRESS = 0.253. The research that has
been done shows the results of equation 1
model as the best equation model
Furthermore, this equation model was used
to calculate the antimalarial activity of the
1,8-naphthalmide-4-aminoquinoline
derivative compound expressed by the
predicted IC50 log.

In Table 5, it can be seen that the
predicted log IC50 value data was calculated
using the equation 1 model and compared
with the IC50 log value of the experimental
research results Shalini et al,, (2020). The
predicted log IC50 value close to the
experimental log IC50 value. The predicted
log IC50 will produce a good equation model.
The distribution of the predicted IC50 log
value and the experimental IC50 log value
can be seen in the graph in Figure 1.
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Figure 1. Correlation analysis between log
IC50 prediction (Ycalc) and log IC50
experiment (Y (abs))

The value of a good prediction activity
is equal to or close to the value of the
experimental activity indicated by the points
that are close to the x=y line. From the graph
in Figure 1, the 20 compounds have points
that are close to the x=y line which indicates
the value of predictive activity and
experimental activity is almost the same.

In this study the equation 1 model has
several parameters consisting of electronic
parameters represented by qC2 and qC14;
steric parameters are represented by SAA;
hydrophobic parameters are represented by
log P. These parameters were used to predict
the antimalarial activity of 1,8-
naphthalmide-4-aminoquinoline
derivatives.

In the structure of the derivative
compounds of 1,8-naphthalimide-4-
aminoquinoline has a quinoline flat ring
which can be intercalated with the base pairs
of the parasitic DNA double helix. In this
process, a charge transfer complex occurs
between the flat ring and the base pairs of
guanine and cytosine, thus forming a drug-
DNA complex. This complex is strengthened
by the presence of side chain bonds with
phosphate groups (bonds to the N atom at
qC14) and their hydrogen bonds with DNA
purine base molecules (adenine). N atom in
the antimalarial compound which has a
quinoline ring affects the mechanism action
of the antimalarial compound. The N atom is
one of the atoms that is predicted to affect
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the antimalarial activity of 1,8-
naphthalimide-4-aminoquinoline
derivatives (Block & Beale, 2011). Thus, the
process of transcription and translation of
the parasite's DNA is disrupted which causes
areduction in the synthesis of DNA and RNA
of the malaria parasite. The net charge of the
gC2 atom is estimated to affect antimalarial
activity because it is close to the changing net
charge of the qC1 atom where one of the H
atoms acts as R.

Steric parameters also have an
influence on the formation of bonds between
drug compounds and receptors. In the
formation of binding to the receptor, the
drug compound must have a size and
conformation to form an optimum drug-
receptor compound bond. The selected steric
parameter in the best equation model is SAA.
SAA describes the approximate surface area
of the molecule that interacts with the
receptor. The wider the molecule, the better
the interaction with the receptor.

In the best equation model,
hydrophobic parameters such as log P are
needed to predict the antimalarial activity of
1,8-napthalimide-4-aminoquinoline
derivatives. In testing the antimalarial
activity of the derivative compound 1,8-
napthalimide-4-aminoquinoline. These
compounds must be able to penetrate P.
falciparum cells. Absorption into cells or
penetration of cell membranes determines
what percentage of 1,8-napthalimide-4-
aminoquinoline derivatives enter and
interact with receptors to kill P. falciparum
cells. The absorption process requires an
optimal log P value because log P is the
partition coefficient of the compound in the
aqueous phase and the lipid phase.

Conclusion and Recommendation
Conclusion

The best equation in the QSAR analysis
of 1,8-naphthalimide-4-aminoquinoline
derivatives using the AM1 semiempirical
method is Log (IC50) = 1.3983 (* 0.7192) -
8.2044 (% 4.5362) qC2 + 3, 4984 (+ 2.3215)
qC14 + 0.4657 (* 0.1191) log P + 0.0019 (*
0.0012) SAA
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The best descriptors of antimalarial
activity were atomic net charges (qC2 and
qC14) representing electronic parameters.
Log P represents the hydrophobic
parameter, and SAA represents the steric
parameter.

Recommendation

It is necessary to model new
antimalarial compounds based on the best
equation model for the derivative compound
1,8-naphthalimide-4-aminoquinoline  that
has been obtained as a response to the
increasingly worrying antimalarial drug
resistance.
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