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Abstract: Antioxidant compounds can inhibit the oxidation of lipids and other 

biomolecules. Antioxidants' role is crucial in neutralizing and destroying free radicals 

that can damage cells in the body. This research was carried out to design trolox derivate 

compounds as antioxidants using the QSAR method. The semi-empirical AM1(Austin 

Model 1)method was used to generate the QSAR model. The statistical analysis result 

using multiple linear regression methods revealed that antioxidant activity was 

influenced by the descriptors of qC1, qC4, qO7, qC13, and qO18. The QSAR equation 

model obtained was log IC50 = 0.821 + 7.067 (qC1) + 2.585 (qC4) + 4.812 (qO7) – 5.363 

(qC13) – 0.887 (qO18) with the best predicted IC50 value was 4.699 µM. 

Abbreviations: 

QSAR: Quantitative Structure 

Activity Relationship; 

HOMO: the Highest Occupied 

Molecular Orbitals energy: 

LUMO: the Low Unoccupied 

Molecular Orbitals energy 
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INTRODUCTION 
Antioxidant compounds can inhibit or slow down 
the oxidation of lipids and other biomolecules [1]. 
Antioxidants function to neutralize and destroy free 
radicals that can damage cells, lipids, proteins, and 
DNA in the body [2]. Cell damage can eventually 
lead to degenerative diseases such as cancer, heart 
disease, arthritis, cataracts, diabetes, and liver [3]. 
This degenerative disease is caused because 
antioxidants in the body are unable to neutralize 
the increase in the concentration of free radicals, so 
it is necessary to have antioxidants from outside the 
body (exogenous antioxidants) to neutralize them 
[4]. 

Trolox (6-hydroxy-2,5,7,8-tetramethyl chromane-2-
carboxylic acid) is one of the most widely known 
antioxidants and is a phenolic compound with high 
antioxidant potential. Trolox is usually used as an 
antioxidant platform in the synthesis process [5,6]. 
Apart from being an antioxidant, trolox is also 
reported to be active as a multi-target agent in the 
treatment of Alzheimer's disease, neuroprotective 

agent, anticancer [7,8,9], anti-inflammatory [10], 
hypothermia [11], protection of Gamma-ray 
irradiation [12], anti blinking and anti bleaching 
[13], inhibits apoptosis [14], antidiabetic [15], 
prevents osteoclastogenesis [16], reduces cortical 
nerve injury [17]. 

To get better antioxidant activity, the trolox 
compound design was performed using QSAR 
analysis. The QSAR method has been widely used 
in the design of new drug compounds [18]. In this 
research, a QSAR study was conducted to 
determine the active site responsible for antioxidant 
activity. The resulting QSAR equation can help 
determine what substituents must be added to get 
the best antioxidant activity. 

MATERIALS AND METHODS 

Materials and Devices 
This research uses a laptop with the specifications 
used: Intel® Celeron® N4000 CPU @ 1.10GHz, 4.00 
GB Random Access Memory (RAM), Windows 10 
64-bit Operating System. The software used is 
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ChemDraw Ultra 12.0, Chem3D Pro 12, Gaussian, 
IBM SPSS 23.0 used for statistical analysis, and 
determining the QSAR equation. 

This study's material was taken from the research 
of Yushkova et al. (2017) in the form of 14 trolox-
derived compounds and their antioxidant activity. 

Methods 
Method determination 

One of the best compounds from the compound 
series (Table 1.) is optimized by using the AM1, 
PM3, and HF methods to obtain HNMR calculation 
data. 1HNMR calculation data will be compared 
with experimental 1HNMR data. The method that 
produces the smallest or closest value of PRESS 
(Predictive Residual Sum of Square) is the best 
method and is used as a method for the 
optimization of all compounds. 

Geometry optimization 

Fourteen trolox-derived compounds were 
structured in two dimensions using ChemDraw 
Ultra 12.0 software. Then, fourteen trolox-derived 
compounds were pre-optimized using Chem3D Pro 
12.0 software. 

Modeling 

Fourteen trolox-derived compounds were divided 
into two data groups: training sets (to build 
models) and test sets (to validate models). The 
distribution of training sets and test sets is done 
randomly. 

QSAR model and data analysis 

Fourteen compounds in the preparation of the 
model that became the study material in this study 
were divided into two data groups: a training set 
and a test set. The distribution of training sets and 
test sets is done randomly. A number of 
compounds in the training set are analyzed using 
multiple linear regression with the backward 
method to obtain several models of the relationship 
between the IC50 log with electronic and molecular 
descriptors. Of the several models produced, the 
model is chosen that meets the statistical 
parameters specified to be tested for validity such 
as r2, PRESS, SEE, and Fcalculate/Ftable with criteria r2> 
0.64 [5], SEE <0.3 [19], Fcalculate / Ftable ≥ 1 [20]. Models 
that fit the criteria are then validated using test data 
sets. 

Linear regression analysis 
Before analyzing the data, the IC50 value is changed 
to the IC50 Log value to narrow the range of data 
used. The determination of influential descriptors 
was calculated by compound activity based on 
linear regression analysis using the IBM SPSS 23.0 
backward method on the separated data. Each 
electronic descriptor is designated as the 
independent variable and pIC50 as the dependent 
variable. Besides, this regression method estimates 

the value of the regression coefficient by applying 
the least square curve fitting method.  

Proposed compound design 
The best validation results model is used to predict 
the proposed compounds' activity value (Log IC50). 
The proposed compounds are designed by 
replacing the substituents of trolox-derived 
compounds. Substitution of substituents is based 
on the relationship between substituent properties 
and compound activity. Compounds that have been 
designed, calculated molecular orbitals, and 
performed electronic descriptors calculations affect 
antioxidant activity. The IC50 value of the proposed 
antioxidant compound was calculated by entering 
the value of an influential electronic descriptor 
(included in the QSAR equation). The compound 
with the lowest IC50 Log value is stated as the best-
proposed compound. 

 

RESULTS AND DISCUSSION 
The results of chemical shift calculations are best 
shown by the AM1 method with a correlation value 
(r) = 0.96 and PRESS = 2.02. The higher the r-value 
and the lower the PRESS value indicates that the 
results of the chemical shift calculation are getting 
closer to the experimental results. Based on these 
results, the process of calculating the molecular 
orbital series of trolox derivative compounds in this 
study was carried out using the semiempirical 
method AM1. 

Table 1. Comparison of 1H-NMR shift value of 
experimental results and calculations using AM1, PM3, 
and HF/3-21G methods. 

Atom 

Number  1H-NMR 

1H-NMR  

Calculation 

H Experiment AM1 PM3 

HF/3-

21G 

23 2.03 2.40 1.90 1.13 

25 1.95 2.17 1.90 0.96 

27 1.56 1.72 0.55 1.73 

31 2.00 2.17 1.27 0.71 

34 2.30 3.10 2.24 1.80 

37 1.37 1.56 1.04 0.43 

40 2.73 3.41 3.60 5.50 

41 2.44 3.17 2.99 1.94 

43 3.49 3.83 3.52 3.01 

Correlation (r) 0.96 0.90 0.67 

PRESS 2.02 2.74 12.80 

 

Calculation of descriptors 

The calculation of descriptors is an essential step in 
the QSAR study. Electronic descriptors used in this 
study are the net charge of atoms (q), the highest 
occupied molecular orbitals (HOMO) energy, and 
the low unoccupied molecular orbitals (LUMO) 
energy. 
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Preparation of the QSAR model 

A total of 14 antioxidant compounds from the 
trolox derivative used in this study were randomly 
divided into two data groups, namely the training 
set and test set. The training set compounds were 
analyzed statistically to produce the QSAR model, 
while the test set compounds were used to validate 
the resulting QSAR model. Before the linear 
regression analysis is performed, the IC50 value is 
converted to a logarithmic scale with the aim that 
the range of IC50 values between compounds does 
not differ greatly, and the distribution of IC50 values 
is getting better. 

Model analysis 

The training set compound was analyzed using the 
multiple linear regression (MLR) method, which 
aims to obtain the QSAR equation. Analysis using 
the MLR method was chosen because it involves 
more than one electronic descriptors. Based on the 
statistical analysis results with the MLR (backward) 

method, two QSAR equation models are generated, 
as shown in Table 3. 

Table 2. Series of compounds and antioxidant activities 
used in the training set and test set. 

Compound 
IC50 

(µM) 

Log IC50 

(µM) 

*2a 62 1.792 

2b 60 1.778 

2c 65 1.813 

2e 54 1.732 

2g 76 1.881 

2h 58 1.763 

*2i 66 1.819 

2j 55 1.740 

2k 68 1.832 

2l 65 1.813 

*2m 63 1.799 

2n 63 1.799 

2o 61 1.785 

2q 57 1.756 

     *) Test set 

Table 3. QSAR equation model results of multiple linear regression analysis 

Model Variable r2 SEE Fcal/Ftab PRESS 

1 qO18, qC1, qC13, qC14, qC4, qO7 0.935 0.017 2.006 1.226 x 10-3 

2 qO18, qC1, qC13, qC4, qO7 0.883 0.021 1.567 2.222 x 10-3 

 

Table 3. shows that the 2 QSAR models were 
produced to meet the established statistical 
parameters. The accuracy is shown by the five 
QSAR models in Table 4. is very good. This can be 
seen from the SEE and PRESS values that are close 
to zero [16]. 

Model validation 
To ensure models 1 and 2 are the best models, 
validation is done using a test data set. Model 
validation is performed on the test data set by 
calculating the value of the Predicted Residual Sum 
of Square (PRESS). PRESS data is obtained from the 
difference between the values of the antioxidant 
activity of experimental results with the test set 
compounds' prediction activity based on selected 
models. The value of PRESS shows how much error 
is generated by the model. The smaller the value of 
PRESS is, the model better. The PRESS value of the 
compound test set from the IC50 Log experimental 
results with all models' predicted results is shown 
in Table 4. 

Table 4 shows that the best correlation value and 
the smallest PRESS is model 2, with a correlation 
value of 0.944 and PRESS 0.002. Thus, model 2 is 
the best QSAR model compared to other models. 
Model 2 involves descriptors that affect activities 
are qO18, qC1, qC13, qC4, and qO7. Efforts to 
further ensure that model 2 is the best QSAR 
model, then the IC50 Log plot was made as a result 
of the prediction of test set compounds in models 1 
and 2. 

Table 4. Differences in the PRESS Log IC50 experiments' 
values with the IC50 Log predictions of the five models on 
the compound test set. 

Compound 

Test Set 

Log IC50 

Experiment 

Log IC50 Prediction 

Model 1 Model 2 

2a 1.792 1.708 1.800 

2i 1.799 1.822 1.792 

2m 1.819 1.851 1.871 

Correlation (r) 0.820 0.944 

PRESS 0.008 0.002 

 

The value of r2pred based on model 2 on the test set 
compound was very good at 0.8911 compared to 
the r2pred value on model 1, which was 0.6723. This 
value indicates that model 2 can very well predict 
antioxidant activity in trolox-derived compounds. 
The QSAR equation from model 2 is: 

Log IC50 = 0.821+ 7.067 (qC1) + 2.585 (qC4) + 4.812 
(qO7) – 5.363 (qC13) – 0.887 (qO18) 

The value of r2 = 0.8911 in the IC50 Log experimental 
results and prediction results of the test data set 
using model 2 shows that the correlation between 
the independent variables with antioxidant activity 
is quite significant. This means that 89.1% of 
changes in antioxidant activity (Log IC50) of trolox-
derived compounds are caused by changes in the 
value of the independent variables and the C1, C4 
net charge O7, C13, and O18 atoms. 
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y = 2.9066x - 3.4213 
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Figure 1. The plot of Log IC50 values from experimental 
results and prediction results of test set compounds using 
model 1 

 

 

 

 

 

 

 

Figure 2. The plot of Log IC50 values from experimental 
results and prediction results of test set compounds using 
model 2 

 

Proposed antioxidant design 

The proposed antioxidant compounds in this study 
were designed by replacing the substituents in the 
trolox parent compound. It is expected that the 
compound designed to have antioxidant activity 
(IC50) is better than the previous trolox derivative 
compound. In the QSAR model 2 equation, it can be 
seen that the more negative the Log IC50 value is, 
the better the antioxidant activity. Therefore, to get 
a negative IC50 Log price, it is necessary to consider 
each influential descriptor's coefficients. 

From equation 1, it can be seen that to get the 
compounds with the best antioxidant activity, the 
atomic charge of C1, C4, and O7 must have a 
negative charge while the atomic charge of C13 and 
O18 must be positively charged. The design of the 
proposed compound can be done by adding a 
pulling group or electron booster. In the 
substitution of substituents, the electronic, 
hydrophobic, and steric properties of the atom or 
group to be included are considered. The electron 
withdrawal group is electrophilic so that the 
electron density of the atoms it binds becomes 
smaller. In contrast, the electron booster group is 

nucleophilic, which causes the electron density to 
increase.  

In this study, as many as 10 antioxidant compounds 
have been proposed by trolox, as proposed in Table 
5.  

Table 5. Proposed antioxidant compounds 

 

 

 

 

Design R1 R2 Log IC50 IC50 (µM) 

1 OH H 0.903 7.998 

2 OH COOH 0.800 6.317 

3 OH CH3 0.768 5.856 

4 F CH3 0.694 4.945 

5 F C(CH3)3 0.672 4.699 

6 F (CH2)2CH3 0.688 4.874 

7 F COOH 0.755 5.683 

8 OCH3 CH3 0.895 7.853 

9 OCH3 H 0.929 8.487 

10 OCH3 COOH 0.964 9.201 

 

It can be seen from Table 5 that design compounds 
4, 5, 6, and 7 are predicted to have the best 
estimated antioxidant activity with IC50 values <6 
µM. These four compounds have F substituents in 
C13, which are thought to cause their antioxidant 
activity to increase. Compared to other design 
compounds which do not have an F group 
substituent. 

 

CONCLUSION 
Based on the research that has been done, several 
conclusions can be drawn, namely: 

1. AM1 method is the best optimization 
method used for the optimization of trolox 
derivative compounds. 

2. The relationship of the structure of trolox-
derived compounds with antioxidant 
activity can be modeled using QSAR with 
the best QSAR equation: Log IC50 = 0.821+ 
7.067 (qC1) + 2.585 (qC4) + 4.812 (qO7) – 
5.363 (qC13) – 0.887 (qO18) 

3. The influential descriptors for designing 
trolox derivatives are qC1, qC2, qO7, qC13, 
and qO18. 

y = 4.384x - 6.1135 
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4. The best QSAR model is used to design 
proposed compounds and predict the value 
of the antioxidant activity. The proposed 
compound with the best antioxidant 
activity is design compound 5 with an IC50 
activity value of 4.699 µM. 
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