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Abstract: Major allergic diseases are caused by an increased accumulation of eosinophils 

driven by interleukin 5 (IL-5). Chromenone analogues have been demonstrated as a 

promising scaffold for IL-5 inhibitors to control allergic diseases. Therefore, the molecular 

interaction of IL-5 inhibitors with biological targets is important for better drug discovery. 

In this study, we analysed in vitro data using 3D-QSAR (Quantitative Structure-Activity 

Relationships) modelling to find the IL-5 inhibitory activity and molecular interaction. The 

results of Comparative Molecular Field Analysis (CoMFA) and Comparative Molecular 

Field Similarity Indices (CoMSIA IB) revealed that the in vitro IL-5 inhibitory activity of 

these chromenone derivatives exhibited strong correlations with steric and electrostatic 

factors of the molecules (q
2
 =0.503, 𝑟𝑛𝑐𝑣

2  = 0.997, and 𝑟𝑏𝑠
2  = 0.989 for CoMFA standard 

model and q
2
 =0.623, 𝑟𝑛𝑐𝑣

2  = 0.973, and 𝑟𝑏𝑠
2  = 0.990 for CoMSIA model). 3D-QSAR field 

contour maps could be generated to identify the important structural features of 

chromenone analogues relevant to the IL-5 inhibitory activity. 

Keywords: CoMFA; CoMSIA; QSAR; Interleukin-5; Chromenone. 

 

Introduction 

Asthma, rhinitis and atopic dermatitis are 

chronic allergic diseases caused by the increased 

levels of eosinophils in blood and inflamed 

tissues. According to the World Health 

Organization (WHO), globally, more than 300 

million allergic disease patients are estimated 

annually
[1]

. In human allergies, eosinophils 

activate several pro-inflammatory cytotoxic 

products, including granular proteins, proteases, 

sensory neuropeptides, leukotrienes, oxygen 

radicals and cytokines
[2]

. Survival of eosinophils 

depends on the availability of T-cell-derived 

hematopoietic cytokines, such as granulocyte-

macrophage-colony-stimulating factor, Inter-

leukin (IL)-3 and IL-5. Among them, IL-5 plays 

a critical role in the growth, proliferation, 

differentiation and activation of eosinophils. In 

the bone marrow, IL-5 is the only cytokine that 

regulates the final step of eosinophil 

differentiation and controls the release of 

matured eosinophils into the bloodstream
[3]

. 

Several reports on transgenic mice or animals 

treated with neutralizing anti-IL-5 antibodies 
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have corroborated the key role of IL-5 in the 

process of eosinophilia
[4]

. As IL-5 is directly 

involved in eosinophilia, it became an important 

target in the treatment of asthma
[5,6]

. As part of 

our efforts to find new IL-5 inhibitors, a large 

number of chromenone derivatives for IL-5 

inhibition have been investigated by our group
 

with respect to structure-activity relation-

ships
[7,8]

.  

Some attempts to understand the structure-

activity relationships (SAR) of chromenones 

have been made by several groups. The first 

qualitative SAR was performed by 

Khoshneviszadeh et al. for a series of 

chromenes
[9]

. Studies with the most popular 

Quantitative Structure-Activity Relationship 

(QSAR) methods, Comparative Molecular Field 

Analysis (CoMFA) and Comparative Similarity 

Indices Analysis (CoMSIA), incorporate 3D 

information about the ligands by searching for 

molecular sites capable of being modified into 

better specific ligands, while Hologram 

Quantitative Structure-Activity Relationship 

(HQSAR), a fingerprints technique, offers sub-

structural features in datasets of molecules that 

are important to biological activity
[10]

. 

CoMFA
[11,12]

 and CoMSIA
[13]

 are two 

powerful tools for quantitative structure-activity 

relationship (QSAR) to optimize analogues. 

Therefore, for the first time, CoMFA and 

CoMSIA studies are performed with our 

database of chromenone analogues activity 

against IL-5 inhibition, aiming at finding the 

QSAR of chromenone analogues for their IL-5 

inhibitory activity. The QSAR models show high 

quantitative correlations with significant 

predictive abilities, highlighting the most 

important features in the design of new 

chromenone derivatives with IL-5 activity
[14,15]

. 

Materials and Methods 

3D-QSAR Modelling 

Molecular modelling was carried out with the 

Tripos Sybyl X-2.0 molecular modelling 

package
[16]

, and the atomic partial charges of 

chromenone 3D-structures were calculated using 

the Gasteiger–Huckel method
[17]

. The 

chromenone structures were first built using the 

Sybyl molecular modelling package and were 

further geometry-optimized using the Tripos 

force field
[18] 

with a distance-dependent 

dielectric function until a root mean square 

deviation of 0.0005 kcal/mol Å was achieved. 

All the molecules were aligned by an atom-by-

atom least-square fit, the chromenone structure 

was used as a template, as represented in Figure 

1, and then CoMFA and CoMSIA models were 

generated using the QSAR model. 

 
Figure 1. An alignment of compounds 1-31 in references 7 and 8 using the CoMFA and the 

CoMSIA IB models. 

Structural Analysis and in vitro Data 

In this work, the results on interleukin-5 

inhibition by a wide variety of chromenone 

analogues reported in references [7] and [8] were 

employed. Only compounds 1-31 in these 

references were taken into consideration because 

the inhibition activity was not quantified for the 

other compounds. The reported IC50 values were 

converted into observed inhibitory activity 

(Obs.pI50) using equation (1): 

𝑂𝑏𝑠. 𝑝𝐼50 = −𝑙𝑜𝑔
𝐼𝐶50

𝑀𝑤𝑡×1000
             (1) 
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The inhibitory activities of interleukin-5 

inhibition with various substituents and their 

corresponding Obs.pI50 values are listed in Table 

1. 

Table 1. Interleukin 5 inhibitory activity of chromene compounds. 

 

No. in ref 

[7,8] 

Comp. 

No. 
R1 R2 R3 R4 IC50 Obs.pI50 

1 1a C6H5    18.5 4.34 

2 1b CH2(C6H11)    17.3 4.39 

3 1c CH2(C6H5)    25.7 4.21 

4 2a CH3    30.3 4.06 

5 2b C4H9    9.2 4.62 

6 2c CH(CH3)2    10.2 4.56 

7 2d CH2(C6H4-4-Cl)    10.3 4.65 

8 2e CH2(C5H4N)    14.2 4.47 

9 3a  4-OH   12.5 4.51 

10 3b  4-H   15 4.42 

11 3c  4-OCH3   16 4.42 

12 3d  4-CH3   15 4.43 

13 3e  4-Cl   7 4.78 

14 3f  4-F   6.4 4.8 

15 3g  4-CF3   13.2 4.52 

16 3h  4-NO2   7 4.82 

17 3i  4-CN   6.7 4.79 

18 4a   4-OH  15 4.43 

19 4b   4-OCH3  16 4.42 

20 4c   4-Cl  14 4.48 

21 4d   4-F  20 4.31 

22 4e   3,4-Cl  22 4.32 

23 4f   4-CN  17 4.39 

24 5a    4-H 12 4.51 

25 5b    4-OH 4 5.01 

26 5c    4-OCH3 6.5 4.81 

27 5d    4-Cl 9 4.68 

28 5e    4-F 9 4.66 

29 5f    3,4-Cl 7.9 4.77 

30 5g    4-CN 15 4.44 

31 5h    Naphthyl 17 4.42 
 

       

CoMFA and CoMSIA Models 

The compound set was, for the current 

computational investigation, divided into a 

training set (22 compounds) and a test set (9 

compounds). The CoMFA fields were produced 

using a distance dependent-dielectric constant at 

all intersections in a regular spaced (2 Å) grid, 

with energies set to 30 kcal/mol cutoffs, and 

utilising an sp
3
-carbon atom as a steric probe and 

a +1-charge as an electrostatic probe. A charge 

of +1.0, radius of 1.0 Å, hydrophobicity of +1.0, 

hydrogen bond donor and acceptor qualities of 

+1 and an attenuation factor of 0.3 were used to 

create the fields in the CoMSIA. 

Statistical Regression Methods 

The CoMFA and CoMSIA fields were 

correlated to the values of the Obs.pI50 of 

inhibitory activity using the partial least squares 
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(PLS) technique
[19]

. As suggested in the PLS 

module, the produced models were evaluated 

using the leave-one-out (LOO) cross-validation 

process. Utilising the LOO method, the activity 

of a single compound is taken out of the dataset 

and predicted using a model constructed from 

the other compounds in the dataset. A strict 

criterion for the selection of an optimal number 

of components was applied by selecting the 

lowest PRESS (predicted residual error sum of 

squares) value, and the less complex model was 

chosen with the corresponding cross-validation 

(CV) coefficient (q
2
)

[20]
. The q

2
 value resulted in 

a minimal number of components, and the 

lowest CV standard error (Scv) of the estimate 

was accepted. The column filtering values (σmin) 

were set to 2.0 kcal/mol in order to speed up the 

analytical process and reduce noise. The optimal 

number of components was used to derive the 

final PLS model with the non-cross-validation 

(ncv) method
[23,24]

, which was assessed by 

conventional correlation coefficients (𝑟𝑛𝑐𝑣
2 ), SE 

(Scv) and F-values. In addition, the fitness and 

statistical reliance of derived models were as- 

 

sessed by a 100-cycle bootstrapping (𝑟𝑏𝑠
2 ) 

analyses. The CoMFA and CoMSIA results were 

graphically represented by field contour maps, 

where the coefficients were generated using the 

field type ‘‘Stdev*Coeff’’.  

Results and Discussion 

CoMFA Mmodel Analysis 

The CoMFA model was generated from the 

PLS of QSAR on the Sybyl module, and their 

statistical parameters are listed in Table 2. The 

CoMFA analysis was divided into a training set 

(1a, 1b, 2a-c, 4e, 3a-d, 3f, 3i, 4a, 4b, 4d, 4e, 5a-

d, 5f) and a test set (1c, 2d, 3e, 3h, 4c, 4e, 5e, 

5g, 5h) against model generation. The reliability 

of the predictive model is given by q
2
 and 𝑟𝑛𝑐𝑣

2 , 

the values of which should be greater than 0.5 

and 0.9, respectively. According to Tropsha
[21]

 

and Golbraikh
[22]

, a predictive model must 

satisfy a set of statistical criteria. A QSAR model 

was considered predictive if the following 

conditions are satisfied (i) q
2
 > 0.50; (ii) r

2
 > 

0.60. 

Table 2. Observed activities (Obs. pIC50) and predicted activities (Pred. pIC50) of chromene 

compounds in inhibiting interleukin 5. 

Comp.No. Obs. pIC50 
CoMFA CoMSIA 

Pred. pIC50 Dev.
a
 Pred. pIC50 Dev.

a
 

1a 4.34 4.335 –0.005 4.357 0.017 
1b 4.39 4.452 0.062 4.374 –0.016 
1c

b
 4.21 4.429 0.219 4.458 0.248 

2a 4.06 4.027 –0.033 4.059 –0.001 
2b 4.62 4.622 0.002 4.614 –0.006 
2c 4.56 4.552 –0.008 4.55 –0.010 
2d

b
 4.65 4.441 –0.209 4.455 –0.195 

2e 4.47 4.461 –0.009 4.465 –0.005 
3a 4.51 4.499 –0.011 4.514 0.004 
3b 4.42 4.439 0.019 4.442 0.022 
3c 4.42 4.453 0.033 4.431 0.011 
3d 4.43 4.444 0.014 4.474 0.044 
3e

b
 4.78 4.59 –0.190 4.646 –0.134 

3f 4.8 4.766 –0.034 4.676 –0.124 
3g 4.52 4.512 –0.008 4.539 0.019 
3h

b
 4.82 4.604 –0.216 4.384 –0.436 

3i 4.79 4.781 –0.009 4.839 0.049 
4a 4.43 4.417 –0.013 4.426 –0.004 
4b 4.42 4.429 0.009 4.402 –0.018 
4c

b
 4.48 4.346 –0.134 4.316 –0.164 

4d 4.31 4.303 –0.007 4.334 0.024 
4e 4.32 4.321 0.001 4.297 –0.023 
4f

b
 4.39 4.272 –0.118 4.331 –0.059 

5a 4.51 4.494 –0.016 4.519 0.009 
5b 5.01 4.952 –0.058 5.023 0.013 
5c 4.81 4.872 0.062 4.813 0.003 
5d 4.68 4.741 0.061 4.718 0.038 
5e

b
 4.66 4.701 0.041 4.736 0.076 

5f 4.77 4.718 –0.052 4.724 –0.046 
5g

b
 4.44 4.659 0.219 4.729 0.289 

5h
b
 4.42 4.804 0.384 4.793 0.373 

aDeviation = difference between the observed inhibitory activity and the predicted inhibitory activity; btest set. 
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The CoMFA model has a 𝑟𝑛𝑐𝑣
2  value of 0.997, 

F value of 106.311, q
2
 value of 0.503, a smaller 

SEE value (0.039) with an optimum number of 6 

components, and the 𝑟𝑏𝑠
2  and SEEbs values 

extracted by the bootstrapping analysis were 

0.989 and 0.008, respectively. These parameters 

indicate that fitness and predictability against the 

CoMFA model are supported. The contributions 

of steric and electrostatic fields are 56.4 and 

43.6% for the inhibitory activity of chromenone 

compounds against interleukin 5, respectively. 

The steric field and the electrostatic field have 

both important influences on the ligand–receptor 

interactions, with the steric field being more 

predominant than the electrostatic field. The 

Obs.pI50 values of the training set and the test set 

predicted by the CoMFA model are listed in 

Table 3, and the corresponding plot is 

represented in Figure 2A.  

 

 

Figure 2. Plot of observed activities (Obs. pIC50) versus predicted activities (Pred. pIC50) for 

the training set (●) and for the test set (○): A, CoMFA model and B, CoMSIA model IB.

 The CoMFA model contour maps are 

represented in Figure 3, using compounds 1b, 

2b, 3f, 4a, and 5b as template structures. The 

contour maps present contributions for 

favourable and unfavourable interactions with 

the receptor in terms of steric (80% green, 20% 

yellow) and electrostatic (80% blue and 20% 

red) fields, respectively. Figure 3A displays a 

CoMFA contour map for the chromenone steric 

binding interaction in IL-5 inhibitory activity. 

The green areas indicate the regions of favoured 

steric interactions that would enhance binding 

affinity. The yellow regions are unfavourable 

areas of steric interactions that would result in 

reducing the activity. The contour maps of the 

CoMFA model demonstrate that there are 

diverse structural requirements for chromenone 

IL-5 inhibitory activity. For example, the R1 

substituent on the amino group in compound 1b 

(orange) toward a yellow polyhedron located at 

the centre indicates that the presence of a bulky 

group, such as cyclohexyl, is expected to 

decrease the activity in this region. On the other 

hand, the R1 alkyl substituent of compound 2b 

(magenta) placed in a region between a small 

and narrow green polyhedron shows that the 

presence of a portion of the alkyl group in that 

region enhances the activity. For this reason, 

compound 2b shows more potent activity than 

1b for the IL-5 inhibition, and the order of 

activity in compounds 1a – 2e was 2b (4-C4H9) 

> 2c (4-CH(CH3)2) > 2e (4-CH2(C5H4N)) > 1b (-

CH2(C6H11)) > 1a (-C6H5) > 2a (-CH3). The 

results implied that the activity is strongly 

influenced by a straight chain alkyl group than 

by a cyclic (or aromatic) substituent, and the 

length of the alkyl chain with 3 or 4 carbon 

atoms seems to be suitable. A small size R2 para 

substituent of phenyl in compound 3f (green), 

close in the CoMFA model to the yellow 

polyhedron region located on the upper side in 

Figure 3A, suggests that the small steric 

interaction within this area is favourable for the 

activity. The results are supported by higher 

activity of compounds 3f (4-F) and 3i (4-CN) 

than those of 3g (4-CF3), 3a (4-OH), 3d (4-CH3) 

and 3c (4-OCH3).  

As shown in Figure 3A, the terminal phenyl 

ring of 4a (cyan) is passing through a small and 

narrow green polyhedron which is unfavourable 

for the activity. This implies that the activities of 

the analogues 4 are weaker than those of the 

P
re

d
.p

I 5
0

 

P
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d
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Obs.pI50 Obs.pI50 
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analogues 2, 3 and 5. Contrary to compound 4a, 

the phenyl ring (white) in compound 5b resides 

inside the green polyhedron region, which 

strongly enhances the activity. In this molecule, 

the para hydroxy substituent of the terminal 

phenyl group avoids the green region, showing 

best ‘field fit’ in all 5 CoMFA models, and thus 

the order of the activity is 5b (4-OH) > 5c (4-

CH3) > 5f (3,4-Cl) > 5d (4-Cl) > 5a (H). These 

examples clearly indicate that a comparative 

analysis of contour maps provides clues 

regarding the substituent preferences.  

In Figure 3B, the electrostatic field is 

represented by red and blue polyhedrons, in 

which red polyhedrons indicate regions where an 

electron-withdrawing group is favourable for the 

activity, while the blue regions represent where 

an electron-withdrawing group decreases the 

activity. The electron-donating cyclohexyl (R1) 

substituent on the amino group of compound 1b 

in the CoMFA model (orange) is simultaneously 

located in red and blue contours, and thus, this 

suggests that the presence of an alkyl group in 

both regions at the same time is expected to 

reduce the activity. Yellow contours mean that 

the hydrophobic groups (cyclohexyl group) 

would be unfavourable in this area
[23]

, while 

electron-withdrawing groups enhance the 

activity (-Cl, -CF3, -NO2, -Br, -NH2)
[24]

. 

 

Conversely, the electron-donating n-butyl 

group (R1) of compound 2b (magenta) resides in 

a blue polyhedron, and thus, this indicates that 

the presence of a linear alkyl group in this region 

improved the activity. Thus, 2b has more potent 

activity than 1b. These results imply that the 

small linear alkyl group fits better than the bulky 

cyclohexyl group in that vicinity. The N-methyl 

group is preferable over the n-butyl substitu-

ent
[25]

. In addition, the small red polyhedrons 

located on the bottom side of Figure 3B near an 

alcohol (hydroxy) group of compound 1b and 2b 

implies that a small size of an electron-

withdrawing group in that region would be 

preferable for the activity.  

A small part of the phenyl ring of compound 

3f (green) is surrounded by a blue polyhedron 

corresponding to weakened activity. Interest-

ingly, the fluorine atom (R2) of 3f is positioned 

perfectly near the red polyhedron in the upper 

region of Figure 3B, which is more beneficial for 

an electron-withdrawing group exhibiting high 

activity. Thus, compounds 3e, 3h and 3i 

similarly showed stronger activity, while the 

compounds 3c, 3d, 3b and 3a with electron-

donating groups in the same region showed 

relatively weak inhibitory activity. Therefore, the 

activity order in the allylic alcohol series is 3f (4-

F) > 3i (4-CN) > 3a (4-OH) > 3g (4-CF3) > 3c 

(4-OCH3).  

 

Figure 3: CoMFA contour maps with the combination of compounds 1b (orange), 2b (magenta), 

3f (green), 4a (cyan) and 5b (white). A: Steric contour map; green polyhedrons indicate regions 

where bulky groups increase activity (favoured level 80%), and yellow contours indicate regions 

where bulky groups decrease activity (favoured level 20%). B: Electrostatic contour map; red 

polyhedrons indicate regions where electron-withdrawing groups increase activity (favoured 

level 20%), and blue polyhedrons indicate regions where electron-donating groups increase 

activity (favoured level 80%). 

A B 
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Another interesting pharmacophoric region of 

compound 5b (white) shows that the small red 

contour close to the C4 position of the phenyl 

ring indicates that small-sized groups containing 

oxygen are favourable for the activity. Indeed, 

the most active compound, 5b, has a hydroxy 

group in the para position of the phenyl ring. 

The activity of 5c is decreased since the bulky 

methoxy group (-OCH3) lowers electronic 

interaction. The same trend was observed in all 

the analogues 5. The activity order is 5b (4-OH) 

> 5c (4-OCH3) > 5f (3,4-Cl) > 5d (4-Cl) > 5a 

(H). The naphthyl ring of compound 5h is very 

bulky in that region, and thus 5h showed poor 

activity. 

CoMSIA Model Analysis 

Colour coding for the CoMSIA model is 

almost similar to the CoMFA maps, but 

CoMSIA explains at depth level the different 

combinations of steric, electrostatic, hydro-

phobic, and hydrogen bond donor and acceptor 

fields. As shown in Table 3, for model IB, q
2 

= 

0.623, 𝑟𝑛𝑐𝑣
2  = 0.973, F = 88.756, SEE = 0.042 

with an optimum number of 6 components and 

𝑟𝑏𝑠
2  = 0.989 and SEEbs = 0.008, representing 

better values than the other four models.  

 

Table 3. Summary of the statistical results for CoMFA and CoMSIA models.Substituents are 

listed in Table 1 

Parameters CoMFA 
CoMSIA 

IA IB IC ID IE 

Component 6 6 6 6 6 6 

q
2
 
a
 0.503 0.602 0.623 0.597 0.594 0.592 

Scv
b
 0.179 0.160 0.156 0.161 0.162 0.162 

rcv 
c
 0.509 0.596 0.671 0.572 0.618 0.610 

rncv
2 d

 0.997 0.966 0.973 0.970 0.956 0.959 

F 
e
 106.311 70.947 88.756 79.622 54.367 58.996 

SEE 
f
 0.039 0.047 0.042 0.044 0.053 0.051 

rbs
2 g

 0.989 0.989 0.990 0.987 0.983 0.987 

SEEbs 
h
 0.008 0.011 0.008 0.009 0.013 0.014 

Fraction 
      

Steric 0.564 0.068 0.076 0.100 0.289 
 

Electrostatic 0.436 0.245 0.278 0.331 0.302 0.225 

Hydrophobic  0.202 0.224 0.303 
 

0.220 

Donor 
 

0.369 0.422 
 

0.463 0.398 

Acceptor 
 

0.116 
 

0.265 0.144 0.127 

a 
Leave-one-out cross-validated correlation coefficient; b leave-one-out error; c conventional correlation of group cross-

validation; d Non-cross-validated correlation coefficient; e F-test value; f Standard error of estimate of non-cross-validated 

correlation; g the average r2 value from a bootstrapping analysis for 100 runs; h the average SEE value from a bootstrapping 

analysis for 100 runs.

The CoMSIA model IB results in the 

contribution percentages of 7.6% for steric, 

27.8% for electrostatic, 22.4% for hydrophobic 

and 42.2% for hydrogen bond interaction. The 

observed inhibitory activity (Obs.pI50) values of 

the training set and the test set of the CoMSIA 

model are listed in Table 2, and the correlations 

between the predicted activity values (Pred.pI50) 

and Obs.pI50 are plotted in Figure 2B.  

The CoMSIA model contour maps are 

represented in Figure 4, using compounds 1b 

(orange), 2b (magenta), 3f (green), 4a (cyan) and 

5b (white) as template structures. Figure 4A 

shows the steric factors. An unfavourable yellow 

CoMSIA contour overlapping to amino R1 

substituent (cyclohexyl group) in compound 1b 

in Figure 4A indicates poor activity. The 

terminal methyl group of n-butyl substituent of 

compound 2b (magenta) near a green 

polyhedron enhances the activity. These results 
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suggest that the replacement of a cyclohexyl 

group with small to moderate linear alkyl chains 

would benefit the activity. In compound 3f 

(green), the R2 substituent of the phenyl ring is 

close to a yellow polyhedron. Thus, this position 

is not suitable for a bulky substituent, but a small 

group, like a fluorine atom, would be favourable 

for the activity. The phenyl ring of compound 4a 

(cyan in Figure 4A) is embedded into the green 

polyhedron, and the R3 substituent on this phenyl 

is crossing over the green region, suggesting that 

it is unfavourable for activity. In the case of 

compound 5b (white), the R4 substituent of the 

phenyl ring is surrounded by the green 

polyhedron, indicating that it increases the 

activity because the phenyl ring position is 

favourable with respect to steric interaction.  

As shown in Figure 4B, the electrostatic field 

maps explain that the C1 position of the phenyl 

ring in compound 5i (green) is embedded in the 

blue polyhedron, and the R4 substituent is close 

to the red polyhedron, revealing that this region 

is critical for activity. On the other hand, the 

carbonyl group of compound 4a (cyan) is 

embedded in the small blue polyhedron, 

resulting in poor activity, since this region is 

more suitable for electron-donating groups. 

Compounds 1b, 2b and 5b didn’t show any 

important information in the electrostatic fields 

related to the activity.  

 

Figure 4. CoMSIA contour maps with the combination of compounds 1b (orange), 2b (magenta), 

3f (green), 4a (cyan) and 5b (white). A: Steric contour map; green polyhedrons indicate regions 

where bulky groups increase activity (favoured level 80%), and yellow polyhedrons indicate 

regions where bulky groups decrease activity (favoured level 20%). B: Electrostatic contour 

map, electron-donating increases activity (favoured level 80%) where blue polyhedrons indicate 

regions where electron withdrawing increases activity (favoured level 20%); red polyhedrons 

indicate regions where electron withdrawing groups increase activity (favoured level 20%). C: 

Hydrophobic contour map; yellow polyhedrons indicate regions where hydrophobic substituents 

enhance the activity (favoured level 80%), grey polyhedrons indicate regions where hydrophilic 

groups increase activity (favoured level 20%). D: Hydrogen bond donor contour map; cyan 

polyhedrons indicate regions where H-bond donor groups increase activity (favored level 80%), 

and purple contours indicate where hydrogen bond acceptor groups increase activity (favoured 

level 20 %). 
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In the hydrophobic field contour maps 

(Figure 4C), the hydrophobic region is 

represented by a yellow polyhedron and the 

hydrophilic region is represented by a grey 

polyhedron. A yellow polyhedron surrounded at 

the phenyl ring position of compound 3f (green) 

is favourable for the hydrophobic interaction to 

enhance the activity. Similarly, the cyclohexyl 

substituent in compound 1b partially interacting 

with the yellow contour results in moderate 

activity. A small grey polyhedron located at the 

hydroxyl (alcohol) group of compound 2b 

(magenta) indicates enhanced activity, which 

suggests that the small hydrophilic group in this 

region is suitable. The R4 substituent of 

compound 5b (white) is perfectly positioned 

close to the big grey polyhedron, corresponding 

to strongly enhanced activity.  

The hydrogen bond donor and acceptor CoMSIA 

contour maps (Figure 4D) show the areas 

favoured by donors (cyan polyhedron) and 

acceptors (purple polyhedron). The hydroxy 

(alcohol) groups of compound 2b (magenta) and 

3f (green) are close to the favourable cyan 

polyhedron, corresponding to increased activity 

and suggesting that this region is suitable for a 

small hydrogen bonding donor. A carbonyl 

group (hydrogen bonding acceptor) of compound 

4a is located at a strip of the cyan polyhedron, 

resulting in poor activity. The hydroxy group in 

compound 5b (white) is close to the cyan 

contour, while the R4 substituent is positioned 

near the purple polyhedron exhibiting high 

activity. In compound 1b (orange), the R1 bulky 

alkyl substituent is close to small purple 

polyhedrons, other cyclic rings are embedded in 

a large purple polyhedron, indicating that these 

regions are not suitable for the alkyl groups 

resulting in moderate activity.  

Conclusion 

In this current study, statistically significant 

correlations between the observed and the 

predicted interleukin-5 inhibitory activities of 22 

chromenones were obtained. The CoMFA and 

CoMSIA IB model steric field contour map 

analyses recommend that linear alkyl groups at 

R1 position enhance the activity better than 

cyclic or aromatic groups. Small substituents are 

suitable for R2, R3 and R4 in compounds 3, 4 and 

5. The electrostatic CoMFA and CoMSIA IB 

model contour map analyses suggest that small 

and moderate electron-withdrawing groups are 

ideal at R2 and R4 positions in compounds 3 and 

5. The CoMSIA IB model (q
2 

= 0.623, 𝑟𝑛𝑐𝑣
2  = 

0.973, F = 88.756, SEE = 0.042 with an 

optimum number of 6 components and 𝑟𝑏𝑠
2  = 

0.989 and SEEbs = 0.008) indicates that 

hydrogen bonding acceptors of compounds 4, 

such as an electronegative carbonyl group, seems 

to be not suitable, whereas hydrogen bonding 

donor (hydroxyl group) in compound 5 at the 

same position enhances the activity. In the 

hydrophobic contour map, the para position of 

the phenyl ring of compound 5b requires a 

moderate-sized hydrophilic substituent. 

Therefore, this QASR information should be 

very valuable in the design of novel potent IL-5 

inhibitors, and in future experimental validation 

or synthesis of compounds based on their 

computational findings.  
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