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Abstract. During the past few years, marqued with great development in biotechnologies, the exploitation of 
natural substances from all sources (used as products as themselves or sources of new molecules) has attracted 
increasing interest from manufacturers and society. The phenomenon finds many applications in food, cosmetics 
and fragrance industries. From this background, and following the work done in the Phytochemistry and 
Organic Synthesis Laboratory (Bechar University) for the identification and characterization of natural 
products, Qantitative Structure Activity Relationships  had been carried out to represent the antioxidant 
activity (log CI50) of flavonoids series and its derivatives. Quantum chemistry calculations at DFT/B3LYP 
scale, had been used with the calculation basis 6-31G **. The antioxidant activity values (IC50)  have been 
reported from the literature. The correlation between the biological activity and structural properties have been 
obtained using the multilinear regression method. To obtain the QSAR model with high predictive capacity, the 
original database has been filled randomly in a training set and test set. The ranges of biological activity 
provided by developed QSAR model are in good accordance with the experimental data. We show in this 
manuscript that antioxidant activity of flavonoids and its derivatives can be linked to Fukui’s indices on some 
key molecules.   
 
Key Words: flavonoids, DFT, QSAR, Antioxidant activity, Fukui’s indice. 
 
 
 
I. Introduction 
 
  The flavonoids represent a group of natural compounds which has been the subject of 
sustained activity in scientific research for many decades.  They are important constituents in 
our nutrition.  They are present in many foods, dark chocolate, green tea and citrus, they are 
consumed accordingly as a balanced diet. Their extraction, concentration, or the selection of 
varieties with high content of flavonoids allows manufacturers to offer functional products for 
health benefits [1,2]. 
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7 1.367 1.390 1.401 1.395 1.353 1.474 1.403 1.392 1.3917 1.405 
8 1.364 1.393 1.398 1.407 1.355 1.471 1.404 1.389 1.400 1.399 
9 1.367 1.391 1.400 1.397 1.353 1.471 1.404 1.389 1.400 1.399 
10 1.367 1.390 1.401 1.396 1.353 1.471 1.404 1.389 1.400 1.399 
 
Flavonols 

          

1 1.378 1.389 1.405 1.392 1.364 1.464 1.408 1.390 1.398 1.399 
2 1.378 1.393 1.406 1.393 1.363 1.465 1.407 1.393 1.390 1.405 
3 1.379 1.389 1.405 1.391 1.363 1.465 1.407 1.393 1.390 1.405 
4 1.371 1.390 1.403 1.393 1.367 1.473 1.405 1.393 1.390 1.406 
5 1.370 1.389 1.404 1.401 1.367 1.473 1.405 1.394 1.390 1.405 
7 1.371 1.389 1.402 1.394 1.362 1.475 1.402 1.397 1.392 1.407 
8 1.370 1.390 1.402 1.393 1.367 1.473 1.405 1.391 1.396 1.409 
9 1.369 1.389 1.403 1.393 1.365 1.472 1.404 1.393 1.390 1.406 
10 1.379 1.389 1.405 1.391 1.363 1.464 1.407 1.391 1.396 1.409 
11 1.367 1.392 1.404 1.396 1.363 1.472 1.403 1.390 1.411 1.399 
12 1.379 1.389 1.405 1.391 1.363 1.464 1.408 1.390 1.398 1.399 
13 1.378 1.390 1.408 1.394 1.363 1.464 1.404 1.394 1.397 1.413 

 
 

Table 3: bond angles  (°)calculated with the B3LYP/6-31G** basis set. 
 

flavones O1C2C1’ C2’C3’C4’ C1’C6’C5’ C2C3C4 C5C6C7 
1 112.160 120.606 120.381 123.056 121.710 
2 111.760 120.391 120.526 122.579 120.429 
3 112.113 120.468 120.526 123.003 121.701 
4 112.059 121.220 121.075 123.100 121.703 
5 112.193 120.480 120.534 123.171 119.846 
6 112.099 121.247 121.084 123.273 119.664 
7 112.041 119.670 120.477 123.261 120.375 
8 112.121 121.237 121.083 123.250 119.805 
9 112.093 121.243 121.089 123.197 119.901 
10 112.084 121.226 121.075 123.194 119.858 
 
Flavonols 

     

1 112.505 121.400 120.797 122.838 119.702 
2 112.492 120.818 120.179 122.766 119.988 
3 112.485 120.839 120.156 122.742 120.224 
4 110.865 119.026 120.122 121.958 120.435 
5 111.216 120.892 120.206 122.283 120.822 
7 110.694 120.615 120.039 121.210 120.467 
8 111.264 121.882 120.331 122.351 121.086 
9 111.243 120.787 120.188 122.368 120.465 
10 112.501 121.771 120.253 122.775 120.226 
11 112.532 119.758 123.345 122.125 120.201 
12 112.486 121.387 120.806 122.811 120.218 
13 112.528 121.610 120.731 122.839 119.775 

 

Table 4: torsion angles  [º] calculated with the B3LYP/6-31G** basis set 

 
flavones O1C2C1’C2’ O1C2C1’C6’ C3C2C1’C6’ C3C2C1C2’ 
1 18.569 -161.619 18.996 -160.814 
2 11.711 -168.242 12.340 -167.705 
3 18.810 -161.312 19.428 -160.448 
4 16.767 -163.318 17.212 -162.701 
5 18.572 -161.467 19.352 -160.607 
6 15.996 -163.999 16.633 -163.369 
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2. Indices de Fukui 
 
The frontier orbital (FO) theory proposed by Fukui [13] provides a general qualitative 
approach to understand and interpret chemical reactions. In this theory, the distribution of 
electron densities in the FOs (HOMO and LUMO) is recognized as the principal factor 
governing the stereoselective behavior of a molecule with respect to an approaching reagent. 
Parr and Yang [14] used a finite difference approximation (FDA) to evaluate the derivative 
Fukui function, f(r) and identified three types of Fukui functions, f+(r), f-(r), and f0(r), which 
correspond to electrophilic, nucleophilic, and free-radical attack, respectively. The explicit 
expressions of fR(r) (R ) +, -, and 0) are given by 
 

 for a nucleophilic attack

 for an electrophilic attack 

 for a radical attack

 
Charge analysis to calculate Fukui indices has been conducted using NPA approach [12]. 
Fukui indices calculation results using NPA’s population analysis are listed in (Table5)  
 

Table 5. Fukui indices (B3LYP/6-31G**). 
 

Nom des composés   fK
+ fK

- fK
0 

(O) (C) (O) (C) (O) (C) 
Cirsiliol  0.114 0.018 0.076 0.153 0.095 0.0855 
6-Hydroxyluteolin  0.104 0.046 0.08 0.133 0.092 0.0895 
Luteolin-7-glucoside   0.105 0.037 0.068 0.13 0.0865 0.0835 
Baicalein   0.103 0.052 0.098 0.149 0.1005 0.1005 
Scutellarein   0.104 0.046 0.086 0.155 0.095 0.1005 
Baicalin   0.097 0.033 0.078 0.112 0.0875 0.0725 
Plantaginin   0.106 0.028 0.079 0.128 0.0925 0.0780 
Luteolin   0.103 0.052 0.067 0.137 0.085 0.0945 
Sorbarin   0.107 0.027 0.078 0.127 0.0925 0.0770 
Apiin   0.104 0.038 0.069 0.145 0.0865 0.0915 
Cosmosiin  0.105 0.036 0.073 0.152 0.089 0.0940 
Quercimeritrin  0.105 -0.007 0.065 0.103 0.085 0.0480 
Rhamnetin  0.105 -0.001 0.059 0.097 0.082 0.0480 
Quercetin  0.106 0.001 0.063 0.098 0.0845 0.0495 
Rutin  0.113 0.033 0.065 0.122 0.089 0.0775 
Chrysosplenol D  0.109 0.022 0.073 0.113 0.091 0.0675 
Hyperin  0.105 0.049 0.061 0.11 0.083 0.0795 
Quercitrin  0.103 0.051 0.063 0.113 0.083 0.082 
Chrysosplenol C  0.107 0.029 0.08 0.110 0.0935 0.0695 
Isoquercitrin  0.111 0.029 0.066 0.129 0.0885 0.0790 
Isorhamnetin  0.105 0.001 0.063 0.101 0.084 0.0510 
Oxyayanin A  0.105 0.025 0.06 0.100 0.0825 0.0625 
Kaempferol  0.107 0.001 0.065 0.104 0.086 0.0525 
Tetramethylquercetin  0.101 -0.002 0.056 0.096 0.0785 0.047 

 
3. QSAR models of flavonoids antioxidant activity 
 
In the current study, a QSAR model is presented for logIC50 of 24 flavonoides involving 
theoretical descriptors, which have been calculated from molecular structure. 

  )N(q)1N(qf kkk 

  )1N(q)N(qf kkk 

   /2 )1N(q)1N(qf kk
0
k 
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The structures, the distribution of experimental data, the logarithm of inhibitory activity 
(IC50) for the Full Set of 24 flavonoids and derivatives is shown in table 7. 
In a QSAR study, generally, the quality of a model is expressed by its fitting ability and 
prediction ability, and of these the prediction ability is the more important. In order to build and 
test the model, a data set of 23 compounds was separated into a training set of 18 compounds, 
which were used to build the model and a test set of 5 compounds, which were applied to test the 
built model. With the selected descriptors, we have built a linear model using the training set 
data, and the following equation was obtained: 
 

n = 12, R2
  = 0.7015, F = 6.2658, S2 = 0.0968 

logIC50 =  -2.4152 - 20.991D1 + 49.023 D2 + 24.400 D3 
 

Table 6 .  Three-parameter model including logIC50 as external 
 

 
 
 

 
 
 
 
In this equation, N is the number of compounds, R2 

 is the squared correlation coefficient S2 is 
the squared cross-validation coefficient, and F is the Fisher F statistic 
The built model was used to predict the test set data and prediction results are given in Table 7 
and fig4  

 
Table  7 : structures of flavones, flavonols, experimental and calculated value 

 of antioxidant activity (LogIC50)  
 

flavones R1 R2 R3 R4 R5 R6 R7 R8 LogIC50 

exp. 
LogIC50 

calculé. 
1 H OH H OH OH - - - 0.9604 0.9677 
2 H H GLU OH OH - - - 0.9956 1.1560 
3 H OH H H H - - - 1.0338 1.3577 
4 H OH Glu H H - - - 1.0976 0.6259 
5 H OH Glu O OH - - - 1.1401 1.3688 
6 H OH rha H OH - - - 1.2688 1.3652 
7 H H Glu2-api H OH - - - 1.8112 1.6751 
8 H H glu H OH - - - 2.3664 1.9871 
 
Flavonols 
 

          

1 Glu-rha H H H H OH H OH 0.9576 0.9941 
2 Me H OMe Me H OH H H 0.9836 1.0278 
3 H H H H H OMe H H 1.2166 1.2708 
4 H H H H H H H H 1.3581 1.3934 

 
 
 
 
 
 
 

No X ±ΔX t -test Descripteurs 
0 -2.4152 1.0417 -2.3186 Intersection  
1 20.991 196.93 -0.1066 D1 -  (f

+
k ) 

2 49.023 208.46 0.2352 D2 - (f
- 

k  ) 
3 24.400 406.42 -0.06 D3 -   (f

0 
k )  
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