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Abstract  

 
The study of the Quantitative Structure-Activity Relationship (QSAR) of eugenol compound and its 
derivatives towards antioxidant activities was conducted using electronic and molecular 
descriptors. These descriptors were generated from semi-empirical chemical computation with 
PM3 level of theory. The QSAR model in this research could be used to predict novel antioxidant 
compounds which are more potent. The activity of the compound determined based on the IC50 
value (Inhibition Concentration 50%) was linked with the descriptor results that had been 
calculated in a QSAR equation. The data showed that the descriptors that had a significant effect 
were a net charge of C-6, C-7, O-12, and HOMO energy and hydration energy. The best QSAR 
equations obtained with these descriptors and their parameters are shown as follows. 

log1/IC50 = - 3,3026 (± 0,4066) qC6 - 4,7450 (± 0,7224) qC7 + 3,2746 (± 0,6752) qO12 + 0,6326 (± 
0,0645) HOMO - 0,0086 (± 0,0011) hydration energy + 4,8053 (± 0,6336) 

(n = 8 ; R = 1,000 ; s = 0,004 ; F = 3655,537 ; p = 0,0003 ; Q2 = 0,988 ; SPress = 0,039 ; SDEP = 0,021) 

 
Keywords: QSAR analysis; Eugenol Derivatives; Antioxidant Activity; Novel Antioxidant drugs 

 

Introduction 

The antioxidant is a compound that 
can inhibit oxidation reactions through 
radical scavenging (Amanda et al., 2019). 
This compound can be found as natural 
ingredients such as flavonoid groups (Arifin 
& Ibrahim, 2018), saponins and phenolic 
groups (Hanifa & Susilawati, 2017), and also 
synthetic drug compounds (Ribaudo et al., 
2020). Antioxidant compounds play a key 
role in maintaining brain function through 
oxygen radical scavenging mechanisms 
(Ribaudo et al., 2020). Several antioxidant 
compounds from natural ingredients have 
been reported to have good activity, such as 
the extract of gandaria fruit and gandaria 

seeds which have IC50 values of 36,3 g/mL 
and 7,25 g/mL (Hanifa & Susilawati, 2017). 
Likewise, synthetic antioxidant drug 
compounds have also been reported to have 
better activity than vitamin C. Despite these 
advantages, however, there are several 
significant side effects reported in the 
consumption of synthetic antioxidant drug 
compounds including agranulocytosis and 
hepatotoxicity effects (Ribaudo et al., 2020). 
Thus, the development of medicinal 
compounds with antioxidant activity from 
natural ingredients needs to be carried out 
on an ongoing basis. These development 
efforts are carried out by modifying 
compounds to increase the activity of these 
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natural ingredients so that they can be more 
accepted by the body (Hussain et al., 2017). 

One of the natural compounds which 
contain antioxidant activity is eugenol (da 
Silva et al., 2018). It is a natural compound 
extracted from clove leaves. Eugenol has a 
benzene ring core structure which is 
substituted by hydroxy, methoxy, and allyl 
groups at positions 1, 2, and 4, respectively ( 
Sohilait & Kainama, 2019). The phenolic 
framework in eugenol allows these 
compounds to have antioxidant activity by 
releasing 1 electron to radicals and 
converting radicals into less reactive 
molecules (Amanda et al., 2019). The 
antioxidant activity of eugenol has been 
reported in IC50 values against DPPH. The 
IC50 value of eugenol is 10,29 0,011 g/mL, 
close to the IC50 value of ascorbic acid, which 
is 8,58 0,0009 g/mL. In addition, there are 
several compounds derived from eugenol 
which are reported to have a lower IC50 value 
than eugenol (Dhiman et al., 2019). These 
data indicate that the antioxidant drug 
compound of eugenol and its derivatives can 
be explored further to obtain an antioxidant 
drug compound that is more potent than 
ascorbic acid. 

The equations generated by the 
QSAR method can have several models of 
combination descriptors that are analyzed 
statistically. Several descriptors that are 
often used in QSAR follow the Hansch model, 
namely electronic descriptors, topologic 
descriptors, and lipophilic descriptors 
(Cortes et al., 2020). The validation used is 
the R-value, standard deviation, and a 
significant F-value (Mumpuni & Mulatsari, 
2017). The equation model with an R2 value 
close to 1 is the equation model chosen 
because it is compatible with the 
experimental data. This equation can be used 
to predict new drug compounds that are 
more potent by inserting the structure 
descriptor of the predicted compound into 
the equation. 

This study aims to find the best QSAR 
equation model for the series of eugenol 
compounds and their derivatives on 
antioxidant activity using experimental data 

from previous studies (Dhiman et al., 2019). 
Furthermore, the equation is used to predict 
new drug compounds from eugenol 
derivatives which are expected to have a 
lower IC50 value than compounds that have 
been synthesized previously. The design of 
the new compound became the basis for the 
synthesis of eugenol derivatives with better 
antioxidant activity. 
 

Methodology 

Research Materials 

The data set used in this study is 
shown in Table 1. These are taken from 
previous experimental studies (Dhiman et 
al., 2019). Table 1 contains the structure and 
activity data of eugenol & its derivatives. The 
structure of eugenol is shown in figure 1 and 
the modified structure of eugenol is shown in 
figure 2. 

Equipment 

The hardware used is a set of 
computers with AMD Ryzen 5 1.4GHz 
processor, AMD Radeon Graphics, and 8 Gb 
RAM (Random Access Memory). The 
software used is Hyperchem Professional 
version 8.0 and this is used to perform 
chemical descriptor calculations and 
buildQSAR (De Oliveira & Gaudio, 2001) to 
perform statistical analysis. 

Procedure 

Each compound in Table 1. is 
presented as a 2D structure and then we 
conducted geometric optimization using the 
PM3 semi-empirical method with the Polak-
Ribiere algorithm and boundaries RMS 
gradient (root mean square) 0,01 kcal/(Å 
mol). All geometry optimization procedures 
were performed using Hyperchem. 

 

Figure 1. Eugenol Structure 
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Figure 2. Modified structure of the eugenol 
derivative 
 
Table 1. Visualization of the activity of 
Eugenol derivatives 
No -R IC50 
1 H 10,29 
2 

 

9,152 

3 

 

8,304 

4 

 

9,786 

5 

 

9,514 

6 

 

9,293 

7 

 

11,21 

8 

 

20,66 

9 

 

12,47 

10 

 

16,04 

11 

 

14,88 

12 

 

27,7 

13 

 

31,3 

 
Electronic descriptors and molecular 

descriptors were used in this calculation. The 
electronic descriptors used are the atomic 
charges. It is obtained by single-point 
calculations for all optimized compounds. 
The molecular descriptors used are HOMO 
energy, LUMO energy, Dipole Moment, Total 
Energy, Log P, Polarizability, Surface Area, 
and Hydration Energy. Molecular descriptors 
were also calculated using the QSAR 
Properties menu on all optimized 
compounds. 

The obtained electronic and 
molecular descriptors were then correlated 
with the antioxidant activity of eugenol 
derivatives using multilinear regression 
analysis on BuildQSAR. The best equation 
was selected based on the statistical 
parameters R, s, F, Q2, SPress, and SDep. 
Next, the equation is validated to remove 
outliers The QSAR equation model was used 
to predict the theoretical antioxidant activity 
of eugenol derivatives and predict new 
potential drugs from eugenol. Internal 
validations were used based on statistical 
parameters of the correlation between in 
vivo and in silico data (Veerasamy et al., 
2011). 

Result and Discussion 

This study was conducted using data 
from previous studies. The modification of 
the group is shown in figure 2. The molecular 
docking study of these modified eugenol 
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derivatives has been shown to inhibit the 
activity of monoamine oxidase (MAO) which 
inhibits the oxidation process in the human 
body. The IC50 values of the structure were 
obtained through the determination of the 
DPPH radical scavenging activity of 
compounds 1 – 13 as shown in table 1 
(Dhiman et al., 2019). None of the research 
has studied the relationship between these 
structures and activities to predict new, 
more potent antioxidant compounds. Thus, 
this study aimed to investigate the 
relationship in the QSAR equation and 
predict the eugenol derivatives which have 
more potent antioxidant activity. 

The material data used in this study 
are shown in Table 1. following the 
experimental data of previous studies 
(Dhiman et al., 2019). The IC50 value was 
changed in the form of a 1/C logarithm to 
indicate an increase in activity and the 
molecular structure of 1 – 13 was 
represented in chemical descriptors. All 
molecules in Table 1. were analyzed by the 
QSAR method. 

The chemical descriptors used in this 
study follow the Hansch model (Kubinyi, 
1997) namely electronic descriptors and 
lipophilic descriptors with the addition of 
topologic descriptors. In contrast to previous 
QSAR studies on eugenol derivatives 
(Wahab, 2013), this study focuses on net 
atomic charge descriptors because the net 
atomic charge data makes it easier to predict 

new compounds. 
The use of the molecular descriptor 

HOMO – LUMO is based on the mechanism of 
radical scavenging by antioxidants. The 
electrons in HOMO are electrons that are 
ready to be given to radicals to turn them 
into unreactive molecules (Sohilait & 
Kainama, 2019). 

The calculated chemical descriptors 
were analyzed by using the build QSAR 
software to find the best equations. The 
indicator in determining the best equation is 
to use an R-value that is close to 1. The 
analysis calculation produces the best 
equation as shown in Table 2. 

The best equation in Table 2. is 
equation 1 with a value of R = 0,961. 
Equation 1 shows that 5 descriptors affect 
the activity of eugenol derivative 
compounds, namely the net charge of the C-
6, C-7 atoms, and hydration energy which 
has a negative coefficient and the net charge 
of the O-12 atom and the energy of HOMO 
which has a positive coefficient. 

The positive charge coefficients of 
the C-6 and C-7 atoms indicate that the more 
positive the atomic charge, the higher the 
value of the compound's activity. On the 
other hand, the net charge of the O-12 atom 
needs to be decreased to increase the activity 
of the compound. The addition of electron-
withdrawing groups on the C-6 and C-7 
atoms results in the reduction of the electron 
density making the charge more positive so 

Table 2. Results of QSAR equations  

No Equation R s F Q2 Spress Sdep  

1 Log 1/IC50 = - 4,4356 (± 3,0432) qC6 - 
6,4807 (± 6,1480) qC7 + 2,9295 (± 
6,2868) qO12 + 0,5158 (± 0,4679) 
HOMO - 0,0062 (± 0,0099) hydration 
energy + 3,6603 (± 4,7868) 

0,961 0,069 16,839 0,785 0,116 0,088  

2 Log 1/IC50 = - 6,9179 (± 2,8506) qC6 - 
11,2766 (± 6,6424) qC7 + 3,6733 (± 
3,7115) qO10 - 3,0924 (± 7,1507) 
qO12 - 0,0050 (± 0,0101) hydration 
energy - 1,5476 (± 1,2082)  

0,957 0,073 15,096 0,601 0,158 0,12  

3 Log 1/IC50 = - 6,4731 (± 4,6997) qC6 - 
11,1949 (± 9,0418) qC7 + 1,8135 (± 
6,8526) qO10 - 0,9393 (± 12,0290) 
qO12 + 0,2379 (± 0,8862) HOMO + 
0,7726 (± 8,9845) 

0,951 0,077 13,196 0,691 0,139 0,106  
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that their activity increases. Meanwhile, the 
addition of an electron-donating group on 
the O-12 atom will increase the electron 
density and also increase the activity value of 
the compound. 

Equation 1 is validated with 
experimental data to analyze correlations 
and outliers. The activity correlation data 
from equation 1 is compared with the 
experiment. The result is shown in table 3, 
where Y(obs) is the activity value of the 
experimental results and Y(calc) is the 
calculated activity value. Outliers can be 
identified from the absolute value of Y(res). 
Value |Y(res)| > 2. St.dev can be considered 
an outlier (Matysiak & Niewiadomy, 2017). 
Thus, data for compound numbers 5, 8, and 9 
can be omitted from the data set. 

 
Table 3. Equation 1 validation 
Compound Y (obs) Y(calc) Y(res) 

1 -1,012 -1,019 0,007 
2 -0,962 -0,925 -0,037 
3 -0,919 -0,942 0,023 
4 -0,991 -0,97 -0,021 
5 -0,978 -1,034 0,056 
6 -0,968 -0,956 -0,012 
7 -1,05 -1,027 -0,023 
8 -1,315 -1,203 -0,112 
9 -1,096 -1,209 0,114 

10 -1,205 -1,222 0,017 
11 -1,173 -1,191 0,018 
12 -1,442 -1,409 -0,034 
13 -1,496 -1,499 0,003 

Mean -1,12362   

Standard 
Deviation 

0,190474   

The new equation obtained after 
removing the outliers is as follows: 

 
Log1/IC50 = - 3,6148 (± 1,7731) qC6 - 5,6898 
(± 3,0640) qC7 + 3,2468 (± 2,8421) qO12 + 
0,6643 (± 0,2913) HOMO - 0 ,0070 (± 
0,0046) Hydration Energy + 5,0878 (± 
2,8942) 
 
R=0,996; s=0,026; F=108,78; q2=0,902; 
Spress= 0,096; Sdep=0,06 
 

 This equation has a better R-value of 
0,996. There is no standard deviation of each 

coefficient in this equation that exceeds its 
coefficient. Thus, this equation is the best 
QSAR equation for the eugenol data set and 
its derivatives. 

The addition of substituents on C-6 
and O-12 showed satisfactory results. The 
three predictive drug compounds have 
predicted IC50 values below 5. This activity 
value is better than the IC50 value of ascorbic 
acid as an antioxidant standard (Dhiman et 
al., 2019). The -NH2 group as an electron-
donating group and a benzene group as an 
electron-withdrawing group is the best 
combination of additional groups with a 
predicted IC50 value of 3,231516 g/mL. This 
is because it has a strong affinity for donating 
electron density towards the C-6 atom and 
the benzene group with its electron 
resonance that can attract electron density 
from O-12. Thus, the development of eugenol 
derivative compounds as antioxidants is very 
appropriate to do. 

 
 
 
 
 
 
 
 
 
 
Table 4. Proposed modification of new 
compounds derived from eugenol 

Name Chemical Structure Predicted 
IC50 value 
(g/mL) 

M1  4,2483 

M2  3,9916 



152 

P.D. Widiakongko, K. Triatmaja 

 

Copyright © 2021 WJC | ISSN 2621-5985 (online) | ISSN 2549-385X (print)  

Volume 4, Issue 2, 2021 

M3  3,2315 

 

Conclusion 

The electronic and molecular 
electronic descriptors of eugenol derivatives, 
namely net charge of C-6, C-7, O-12 atoms, 
HOMO energy, and hydration energy have a 
significant effect on antioxidant activity as 
shown by the best QSAR equation: 

 
log1/IC50 = - 3,6148 (± 1,7731) qC6 - 

5,6898 (± 3,0640) qC7 + 3,2468 (± 2,8421) 
qO12 + 0,6643 (± 0,2913) HOMO - 0 ,0070 (± 
0,0046) Hydration Energy + 5,0878 (± 
2,8942) 

 
The addition of an electron-donating 

group at C-6 and an electron-withdrawing 
group at O-12 gave a better prediction of the 
IC50 activity value than eugenol and ascorbic 
acid with the best predictive IC50 value of 
3,231516 g/mL. 

Further research to explore eugenol 
derivatives through in silico, in vitro, and in 
vivo studies needs to be carried out 
continuously to find new antioxidant drug 
compounds. 
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Attachment 1. Tabel of Descriptors Calculated from Eugenol & Its Derivatives 
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