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INTRODUCTION

Currently, in 91 countries, malaria is a global health problem,
especially in the tropical and subtropical regions [1] with
reported 219 million cases in 2017. In Southeast Asia and
particularly in Indonesia 10,950,000 and 4,380,000, resp-
ectively, malaria cases were reported [2]. Parasites have become
highly resistant to malaria drugs including Plasmodium
falciparum has become resistant towards chloroquine [3,4].
Apart from this problem of resistant towards antimalarial drugs,
as a malaria vector, mosquito resistance has emerged [5].

Antimalarial drugs have been attempted to be developed
by using a variety of organic compound derivatives and by
isolating natural products, such as artemisinin derivative comp-
ounds [6], phenanthroline compound derivatives [7], new
aurone compounds [8], derivatives of quinoline compounds
[1,9,10], triazine compounds [11], xanthone derivative comp-
ounds [12], benzothiazole derivatives [13], mangosteen
compounds [14], flavone derivatives [15], chalcone derivatives
[16], 1-(4-methylphenyl)-2,5-dimethylpyrrole derivatives [17],
berberine-[1,2,3]-triazole derivative compounds [18], acyloxy-
benzyl and alkoxyalkyl derivatives [19], 2-pyrazoyl quinolone
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derivative compounds [20], Periploca linearifolia extract [21],
compounds of marine sponge Hyrtios erectus [22] and Croton
macrostachyus stem bark extracts [23]. The antimalarial
activities of the compounds of polyoxygenated cyclohexene
acquired from the roots of Uvaria cherrevensis plant [24] that
have fucosterol compounds [25] been studied. The antimalarial
activity acquired through Streptomyces asterosporus isolation
was also tested [26]. The activity of the aforementioned natural
products and organic compounds as an antimalarial drug is
lower than that of chloroquine.

Currently, many drugs are developed through computer
assistance by using the QSAR analysis. QSAR can be used to
predict quantitative relationships between the biological acti-
vities and the descriptions of physical and chemical properties
of compounds. The analysis of QSAR is based on the Hansch,
the type of employed parameter, the comparative molecular
field analysis (CoMFA) or QSAR-3D and the Free-Wilson [27].
The QSAR analysis was performed on the series of aurone
compounds to acquire new compounds having antimalarial
activity higher than the antimalarial activity of chloroquine
drugs.



EXPERIMENTAL

In this study, 21 aurone derivative compounds were
synthesized and tested for antimalarial activity in the laboratory
as method reported by Carrasco et al. [8]. Table-1 presents
the structure of derivatives of the aurone compound. Tables 2
and 3 present the IC50 of 16 internal test compounds as depen-
dent variables and that of 5 external test compounds, which
are aurone derivatives [8]. HyperChem 8.0 for Windows
software and computer hardware tools (a Sony Vaio Laptop
equipped with an Intel Dual Core Processor 2.20 GHz; 500
GB HDD, 1 GHz RAM) were employed in the QSAR analysis
to obtain 3D structures and to optimize the geometry of external
test compounds (compounds 17-21) and fitting compounds
(compounds 1-16) and to model the structure of the derivatives
of aurone compound (compounds 22-61). By employing SPSS
19.0 for Windows software, the MLR analysis was conducted
to acquire the equation model of QSAR.

Calculation of descriptors: The 3D structure of all the
compounds of internal test (1-16), external test (17-21) and
derivative model of aurone (22-61) were obtained using Hyper-
Chem 8.0 for Windows software and then optimized to acquire
a highly stable structure conformation for aurone compounds.
To optimize structure, the Polak-Ribiere algorithm or the peer

gradient and semi-empirical parameterised model 3 (PM3)
method were used with a ground-state root mean square value
of 0.001 kcal/(Å mol). The descriptor data obtained using a
single point menu provided the descriptors as dipole moment
(µ), atomic net charge, Log P and polarisability (α). EHOMO

and ELUMO descriptors were acquired from the orbital and
compute menus. Table-2 presents the descriptor data; Table-4
presents the coefficients of independent variables and constants
of 4 QSAR equation models. Rajkhowa et al. [28] selected the
descriptors according to their type to perform the QSAR anal-
ysis on artemisinin compounds to use them as antimalarial drugs.

QSAR analysis using MLR method: The experimentally
obtained IC50 value is the dependent variable (Table-2). By
contrast, dipole moment (µ), atomic net charges, EHOMO, ELUMO,
Log P and polarizability (α) (Table-2), which were analyzed
through MLR to determine descriptors that influence the activity
of the derivatives of aurone, are independent variables. The
MLR analysis of antimalarial activity and numerous descriptors
was conducted in 2 steps. First, the MLR analysis of 21 descri-
ptors ((qO1, qC2, qC3, qC4, qC5, qC6, qC7, qC8, qC9, qC10,
qC1′, qC2′, qC3′, qC4′, qC5′, qC6′, EHOMO, ELUMO, dipole
moment (µ), Log P, and polarizability (α)) was conducted,
which provided an equation of model QSAR. In the first stage
of the analysis, the equation model of QSAR provided 15

TABLE-1 
CHEMICAL STRUCTURE AND ACTIVITY DATA OF ANTIMALARIAL COMPOUNDS OF  

AURONE DERIVATIVES OBTAINED FROM CARRASCO et al. [8] 
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descriptors (qO1, qC2, qC6, qC2′, qC3′, qC4′, qC5′, qC6′, µ,
EHOMO, ELUMO, Log P and α), which greatly affect the anti-
malarial activity. In the second stage, the descriptors that affec-
ted the first stage were analyzed and 4 equation models of

QSAR were obtained. Table-5 presents the prediction residual
Error number of square (PRESS) and the values of statistical
parameters, such as r2, r, SE, Fcalculate/Ftable and tcalculate/ttable, for
the four equation models of QSAR. Through the MLR analysis,

TABLE-2 
DESCRIPTORS/INDEPENDENT VARIABLES USED FOR QSAR ANALYSIS OF  

ANTIMALARIAL COMPOUNDS OF AURONE DERIVATIVES 
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TABLE-3 
log IC50 EXPERIMENTS AND log IC50 THEORETICAL FOR 
AURONE DERIVATIVE EXTERNAL TEST COMPOUNDS 

Compd. log IC50 experiment log IC50 calculated 
17 0.48 0.43 
18 0.60 0.58 
19 0.07 0.10 
20 0.52 0.52 
21 0.54 0.61 

 
the value of a constant was obtained. To calculate the theoretical
IC50 activity of the derivatives of aurone compounds, the
coefficients of all independent variables that were involved in
QSAR equations were employed. Furthermore, PRESS values
were obtained by using the square of difference between the
experimental and theoretical IC50 values. To determine the pre-
dictive ability and validity of all the equation models of QSAR,
acquired PRESS value was employed.

Design of new aurone derivatives as antimalarials: To
obtain new compounds having antimalarial drugs, the analysis
was performed using a design of the aurone derivatives having
a higher antimalarial activity than that activity of previously
reported compounds. New aurone compounds were designed
by changing the positions and types of functional groups/atoms
present in the structural skeleton of aurone compounds. Mainly
at the active central region the locations and types of functional
groups/atoms were changed with the consideration of the
synthesis feasibility in a laboratory. Functional group or atoms
are the descriptors, which predominantly affected the anti-
malarial activity of the novel derivatives of aurone. To calculate
descriptors for test compounds and for the modelled novel

aurone derivatives (Table-6), the same method was used. The
theoretical IC50 of designed compounds was calculated using
the optimum QSAR equation.

RESULTS AND DISCUSSION

The QSAR analysis was performed in the following stages:
(i) determination of the basic framework of all the derivatives
of aurone with IC50 values [8], (ii) structure optimization of
the derivatives of aurone, (iii) descriptor (independent variables)
selection, (iv) calculations of descriptors, (v) bivariate analysis,
(vi) MLR, (vii) determination of the optimal QSAR equation,
and (viii) modelling of the novel derivatives of aurone.

As ingredients, aurone compounds had two criteria: (i)
all aurone compounds, namely fitting, external test and modelled
compounds, must exhibit a basic homologous structure, and
(ii) these compounds must exhibit IC50 values higher than those
obtained from laboratory experiments. The structures of external
test, fitting and modelled compounds were optimized using the
same method that was employed to acquire the conformational
structure with the lowest energy. The 3D molecular structure
was considered stable if it had the smallest energy profile. Des-
criptors were obtained under these conditions for the QSAR
analysis. In QSAR analysis, a bivariate analysis was conducted
to estimate the relationship among variables.

During the analysis of bivariate correlation, correlations
between dipole moment (µ), atomic net charge variables,
EHOMO-ELUMO, Log P, polarizability (α), and Log IC50 were
obtained. An absolute value existed for the correlation that
approached the number -1 or 1, which indicated that 1 exhibited
a positive correlation and strong relationship. By contrast, -1

TABLE-4 
CONSTANTS AND COEFFICIENTS OF SELECTED INDEPENDENT VARIABLES FOR FOUR QSAR MODEL 

Coefficient of independent variables QSAR models 

O1 C2 C3 C6 C7 C10 C2' 
1 -283.108 290.260 -303.352 -9.958 -21.199 220.476 -28.201 
2 -294.829 294.933 -311.852 -9.843 -21.497 224.908 -26.997 
3 -305.420 286.177 -317.629 -10.353 -22.172 216.926 -27.555 
4 -297.632 232.205 -304.444 -9.881 -21.391 176.691 -20.746 

Coefficient of independent variables 
 QSAR models 

C3’ C4’ C6’ M ELUMO EHOMO log P 
Constants 

1 -0.980 9.201 12.035 0.167 2.101 0.010 0.235 116.961 
2 – 9.608 11.868 0.186 2.155 0.007 0.254 119.652 
3 – 10.344 9.557 0.225 2.303 – 0.261 119.465 
4 – 10.623 – 0.237 2.320 – 0.206 109.160 

 

TABLE-5 
FOUR SELECTED MODELS AND THEIR STATISTICAL PARAMETERS 

QSAR 
models Variables r r2 Adjusted 

R square 
SE 

tcalc/ttab 

(0.05) 
Fcalc/Ftable  

(0.05)
 PRESS 

1 qO1, qC2, qC3, qC6, qC7, qC10, qC2’, qC3’, 
qC4’, qC6’, µ, ELumo, EHomo, and Log P  

0.998 0.995 0.932 0.055 2.046 0.806 230.253 

2 qO1, qC2, qC6, qC7, qC10, qC2’, qC3’, qC4’, 
qC6’, µ, ELumo, EHomo, and Log P 

0.996 0.992 0.940 0.052 3.096 2.206 6.505 

3 qO1, qC2, qC6, qC7, qC10, qC2’, qC3’, qC4’, 
qC6’, µ, ELumo, and Log P 

0.988 0.976 0.881 0.077 2.519 1.726 19.859 

4 qO1, qC2, qC6, qC7, qC10, qC2’, qC3’, qC4’, 
µ, ELumo, and Log P 

0.982 0.965 0.867 0.073 2.711 2.081 128.851 
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was considered to exhibit a powerful and negative correlation.
The count value for the Pearson correlation r among descriptors
confirmed a close correlation among the descriptors: qO1-qC3
(-0.768), qO1-Log P (0.731), qC2-qC10 (-0.960), qC2-qC11
(0.853), qC2-qC5' (0.728), qC2-ELUMO (-0.635), qC3-qC4 (0.745),
qC3-qC5 (-0.804), qC3-qC8 (0.677), qC3-qC9 (-0.724), qC4-
qC5 (-0.804), qC3-qC8 (0.677), qC3-qC9 (-0.724), qC4-qC5
(-0.804), qC3-qC8 (0.677), qC3-qC9 (-0.724), qC4-qC5
(-0.993), qC4-qC6 (0.888), qC4-qC7 (-0.934), qC4-qC8 (0.983),
qC4-qC9 (-0.998), qC5-qC6 (-0.884), qC5-qC7 (0.893), qC4-
qC9 (-0.998), qC5-qC6 (-0.884), qC5-qC7 (0.893), qC5-qC8
(-0.962), qC5-qC9 (0.991), qC6-qC7 (-0.777), qC6-qC8 (0.842),
qC6-qC9 (-0.909), qC7-qC8 (-0.980), qC7-qC9 (0.842), qC6-
qC9 (-0.909), qC7-qC8 (-0.980), qC7-qC9 (0.830), qC6-qC9
(-0.909), qC7-qC8 (-0.980), qC7-qC9 (0.930), qC8-qC9 (-0.980),
qC1′-qC2′ (-0.751), qC1′-qC3′ (0.704), qC1′-qC4′ (-0.617),
qC1′-qC5′ (0.949), qC1′-qC6′ (-0.765), qC2′-qC4′ (0.664),
qC2′-qC4′ (-0.731), qC2′-qC5′ (0.766), qC3′-qC4′ (-0.632),
qC3′-qC5′ (0.715), qC4′-qC5′ (-0.600), qC4′-qC6′ (0.740),
qC5′-qC6′ (-0.785), µ-ELUMO (-0.839), µ-EHOMO (0.627) and
ELUMO-EHOMO (-0.611). The calculated values of bivariate corre-
lation among the aforementioned descriptors were always
higher than the rtable values (0.623) for the n of 16; thus, these
descriptors exhibited a strong relationship at 0.01 (1%) signifi-
cance level. The negative and positive values indicate the direction
of the influence of descriptors on the activity and not whether
the descriptors influence the activity. The coefficient of
bivariate correlation among qC5-qC9 was 0.991, and it exhi-
bited a sig value (2-tailed) of > 0.005, which indicated that
the qC5-qC9 variables exhibited a stronger relationship than
did other variables. The smallest relationship value of 0.001
was obtained for qC6 and µ variables, which indicated a weak
relationship between qC6 and µ. According to the results of
the bivariate analysis, several independent variables exist and
dependent variables exhibit significant relationships. Thus, MLR
can be conducted on a data group to acquire the relationship
between the antimalarial activity and structure of aurone comp-
ounds. The MLR analysis of dependent and independent
(descriptor) (Log IC50) variables provided four equation models
of QSAR. According to the statistical parameter criteria in
Table-5, model 2 equation of QSAR was the best optimal QSAR
equation.

Log IC50 = 119.652 − 294.829(qO1) + 294.933(qC2) −
311.852(qC3) − 9.843(qC6) − 21.497(qC7) + 224.908(qC10)
− 26.997(qC2′) + 9.608(qC4′) + 11.868(qC6′) + 0.186(µ) +
2.155(ELUMO) + 0.007(EHOMO) + 0.254(Log P).

The statistical criteria for the model 2 equation of QSAR
are as follows: (r) = 0.996, n = 16, (r2) = 0.992, SE = 0.052,
tcalculate/ttable = 3.096, PRESS = 6.505, and Fcalculate/Ftable = 2.206.
The relationship linearity obtained for the predictive and experi-
mental log IC50 values (internal test compounds 1-16) evidenced
the accuracy of model 2 equation of QSAR (Fig. 1). The linearity
(r2 = 0.993) graph (Fig. 1) shows that the optimal QSAR
equation, that is, the internal test model 2, exhibits a substan-
tially high confidence level. The closer is the r2 value to 1, the
higher is the influence of independent variables on dependent
variables. Smaller SE and PRESS values lead to a higher confidence
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Fig. 1. Relationship of log IC50 predictions with log IC50 experiments

level of the equation model of QSAR [29]. By contrast, higher
tcalculate/ttable and Fcalculate/Ftable values result in a higher validity of
the equation model of QSAR. Table-5 indicates that the confi-
dence level of model 2 of QSAR equation is the optimum.

The model 2 of QSAR equation was validated as optimum
by employing external test compounds (17-21). These comp-
ounds were excluded from the MLR analysis for the determi-
nation of the optimal model QSAR equation. The model 2 of
the QSAR equation was validated using external test comp-
ounds to determine it capacity in predicting the theoretical
IC50 of the derivatives of aurone.

The r2 value (0.970) obtained from a graph of relationship
between the experimental and predicted Log IC50 (Fig. 2) was
used to validate the model 2 of QSAR equation as optimal.
The r2 value (0.970) approached 1, indicating that the model 2
of the QSAR equation is optimal and valid. According to the
r2 of 0.970, the model 2 of QSAR equation accurately predicts
theoretical IC50 because the relationship between theoretical
and experimental log IC50 against the external test compound
was highly significant.
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Fig. 2. Relationship log IC50 predictions with log IC50 external compound
test experiments

Design of new aurone derivatives as an antimalarial
agent: The reasons for designing the derivatives of aurone are
as follows: (i) to ensure that termination and retrosynthesis
studies can be used to prepare new derivatives of aurone in a
laboratory, (ii) to study the active sides of the homologous
frameworks of aurone compounds, and (iii) to determine that
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functional groups or atoms are bound to the basic framework
structure using the disconnection and retrosynthesis results.
Different functional groups or atoms attached to a basic aurone
framework can lead to variations in chemical, physical and
atomic charge properties, which changes the antimalarial activity
of the studied compounds [30]. This finding was supported
by the results presented in Tables 1, 2 and 5. Compounds having
different structures exhibit varied antimalarial activities. The
structures of different compounds of aurone exhibit different
net charge of atoms, molecular and electronic properties, and
descriptors, thereby providing various IC50 values.

The model 2 of QSAR indicted that as a consequence of
the design, independent variables that affect the theoretical
IC50 of aurone compounds include qO1, qC2, qC3, qC6, qC7,
qC10, qC2′, qC4′, qC6′, EHOMO, ELUMO, µ and Log P. Aurone
derivatives were designed through the substitution of functional
groups or atoms on C4, C5, C6, C7, C2′, C3′, C3′, C5′ and C6′
atoms. The substitution of various functional groups or atoms
into C4, C5, C6, C7, C2′, C3′, C4′, C5′ and C6′ atoms caused
theoretical IC50 of aurone derivatives to be different from the
IC50 of the modelled compounds (Table-6). Theoretical IC50

was calculated by entering descriptors, such as atomic charge,
into the model 2 of the QSAR equation. New aurone derivatives
having smallest IC50 exhibited the highest antimalarial activity.
Aurone derivatives with a promising antimalarial activity were
synthesized in the laboratory.

Several derivatives of aurone, which were acquired through
modelling and exhibited smaller IC50 than IC50 of chloroquine
(0.14 µM), were proposed to be prepared in the laboratory.
Six aurone derivatives are recommended to be synthesized,
which are compound 54, 55, 58, 59, 60 and 61 with an IC50 of
0.0002, 0.0001, 0.0527, 0.0527, 0.0054 and 0.0076 µM, respec-
tively. By contrast, compounds 22-53, 56 and 57 are not recom-
mended for laboratory synthesis because they exhibit a high
antimalarial activity. A compound recommended for synthesis
is the derivative of aurone with the activity of hem polymeri-
zation inhibition if they have an IC50 lower than IC50 of chloro-

quine for antimalarial activity (0.14 µM) [8]. Two derivative
of aurone, 54 and 55 (0.0002 and 0.0001 µM, respectively)
exhibit a considerably higher antimalarial activity than chloro-
quine does, which is a priority for preparation. In the laboratory,
the synthesis of the derivatives of aurone was given priority
over the compounds that can be easily synthesized [30]. The
IC50 of chloroquine (0.14 µM) was considered the standard
for determining the derivative of aurone to be recommended
for laboratory synthesis. This study only recommends the
aurone derivative with IC50 of < 0.14 µM [8].

The active sites in the structural skeleton of aurone
compounds that exhibit a promising theoretical antimalarial
activity are as follows: -C2H5 bound to the C2′, C4′ and C5′
atoms, -OH attached to the C6 atoms, -Ph attached to the C3′
atoms, -Cl bound to the C6 atoms, -CH3 linked to the C4′ and
C5′ atoms, and -(N-pyridin-3′-NH2) F− attached to the C6 atom
(Table-6).

Conclusion

From the optimal model of QSAR equation, the relation-
ship between the independent variables and antimalarial
activity of the 16 derivatives of aurone was acquired. Log IC50

= 119.652 − 294.829(qO1) + 294.933(qC2) − 311.852(qC3)
− 9.843(qC6) − 21.497(qC7) + 224.908(qC10) − 26.997(qC2′)
+ 9.608(qC4′) + 11.868(qC6′) + 0.186(µ) + 2.155(ELUMO) +
0.007(EHOMO) + 0.254(Log P); (r2) = 0.992, r = 0.996, tcalculate/
ttable = 3.096, Fcalculate/Ftable = 2.206, SE = 0.052, and PRESS
= 6,505. According to model 2 of the QSAR equation, qO1,
qC2, qC3, qC6, qC7, qC10, qC2′, qC4′, qC6′, EHOMO, ELUMO, µ
and Log P are the variables influencing the IC50 of aurone
derivatives. A total of 40 new derivatives of aurone were model-
led on the basis of the influential variables. The six designed
derivatives of aurone that are recommended to be prepared
and that exhibit a high antimalarial activity include 54, 55, 58,
59, 60 and 61. Compounds 54 and 55 (0.0002 and 0.0001 µM,
respectively) exhibit a higher antimalarial activity than chloro-
quine (0.14 µM) does, which is a priority for preparation.

TABLE-6 
STRUCTURE OF AURONE COMPOUNDS DERIVED FROM MODELING RESULTS  

RECOMMENDED FOR SYNTHESIS IN THE LABORATORY  

O

O

R

R R

RR

3' 4'

5'

6

2'

 
Atom/functional group 

Comp. 
R6 R2' R3' R4' R5' 

log IC50  
predicted (µM) 

54 OH C2H5 Ph CH3 C2H5 0.0002 
55 OH C2H5 Ph C2H5 C2H5 0.0001 
58 Cl C2H5 Ph CH3 C2H5 0.0527 
59 Cl C2H5 Ph C2H5 C2H5 0.0586 
60 -(N-Pyridin-3’-NH2) F

- C2H5 Ph CH3 CH3 0.0054 
61 -(N-Pyridin-3’-NH2) F

- C2H5 Ph C2H5 CH3 0.0076 
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