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Abstract. This study aims to study the quantitative relationship between molecular structure and biological activity
(QSAR) of the 7-O-amide hesperetine derivative compounds and to design new compounds which are more
potential as anti-inflammatory. This research was theoretically exploratory by using computational chemical
methods. The object of this research was 23 derivative compounds of 7-O-Amide Hesperetine with their anti-
inflammatory biological activity (ICso) values. The research data were obtained from the results of quantum
chemistry calculations assist with computational chemistry code and statistical analysis of multiple linear
regressions. The QSAR equation obtained was log ICso = -2581,151 + (3127,454 x qC2) + (1884,436 x qC3) + (-
1581,855 x qC11) + (8181,049 x qC8) + (-2166,325 xqC4), where n = 23, R?> = 0.679, SEE = 0.092, Feount /Fiable =
7189, and PRESS = 0.144. The best QSAR model was used to design and predict 23 new anti-inflammatory
compounds of derived from 7-O-amide hesperetine with higher activity. The calculation results showed that the
proposed anti-inflammatory compound with the highest activity to prevent inflammation was (S)-5-hydroxy-2-
(3hidroxy-4-methoxyphenyl)-7-(2-oxo0-2-(piperazine-1-yl)ethoxy )chroman-4-one (compound 38) with an IC50

value of 1.194 or 15.66 nM.

1 Introduction

Inflammation is the response of the immune
system to infection and tissue damage [1-3].
Inflammation is also involved in various
pathogenesis, such as arthritis, cancer, stroke,
neurodegenerative, and cardiovascular diseases
[4,5]. The main signs of inflammation are rubor
(redness), calor (heat), tumor (swelling), and dolor
(pain) [6,7]. In Indonesia, diseases accompanied by
inflammatory reactions were quite high, such as
joint disease, diabetes mellitus, respiratory
infection, and asthma. According to RISKESDAS
(2018) that joint disease especially in patients aged
>75 years (18.9%), diabetes at the age of 55-64
years (6.3%) mainly occured in DKI Jakarta, most
ISPA in Papua (10.2%), and asthma in Yogyakrta
(4.5%) [8]. Therefore, preventive measures are
needed to minimize the occurrence of these
chemometric techniques [14]. One of them is the
relationship between descriptors and the bioactivity
of a molecule based on quantum chemistry. Based
on the equations obtained from QSAR, the active
site of a molecule can be identified and becomes
the basis for new molecular designs [15]. The
descriptors (parameters) that affect the activity of
drug molecules greatly determine the quality of the
QSAR equation. Descriptors are obtained from
quantum mechanical calculations. The calculation
that is usually used is a semi-empirical method,
namely, Austin Model 1 (AM1) [16]. To produce
the QSAR equation of the electronic descriptors
and molecular descriptors that affect the biological
activity of drugs, statistical methods are used.

*Corresponding author: akram@ung.ac.id

disecases. One of the preventive measures is to
develop new anti-inflammatory drugs.

The process of discovering and developing new
drugs requires a lot of time and money. The
process also requires various scientific disciplines
to minimize errors. The experimental method needs
to be supported by a theoretical or modeling
approach to reduce costs and time. The relationship
between electronic and geometric structures and
molecules that have certain activities can be sought
through a quantum chemical approach which is an
alternative to solving problems in the search for
new compounds by identifying the activity of a
compound before synthesizing [9-11]. This
approach is known as Quantitative Structure-
Activity Relationship (QSAR) [12,13].

QSAR is a method of building computational or
mathematical models to find statistically significant
correlations between structure and function with

Based on the QSAR equation, new compounds can
be designed which can be proposed compounds
that have better activity than existing compounds.
Several anti-inflammatory studies have been
successfully predicted by the QSAR method by
experts. Hamzah et al. (2015) succeeded in finding
a better QSAR equation than the lumiracoxib
compound derivative [17]. Puratchikod (2007)
found the QSAR equation of the compound 2-
substituted-4,5-diphenyl-1H-imidazoles [18].
Sheriff et al. (2018) succeeded in synthesizing anti-
inflammatory compounds from 15 compounds
derived from phthalazinediones, and then these
compounds calculated the best percentage of anti-
inflammatory activity using QSAR and the Multi
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Linear Regression method [19]. Dawood et al.
(2015) succeeded in synthesizing new coumarin-
derived compounds and calculating the percentage
of anti-inflammatory activity of these new
coumarin-derived  compounds.  This  study
examined the relationship between structure and
anti-inflammatory  activity of the 7-O-amide
hespetine derivative using electronic descriptors
and molecular descriptors calculated using semi-
empirical methods, namely Austin Model 1 (AM1).
To the best of our current knowledge, these derived
compounds have not been studied or predicted for
their anti-inflammatory properties.

2 Research Methods

This research was conducted at the computational
chemistry laboratory, department of chemistry,
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faculty of mathematics and natural sciences,
Universitas Negeri Gorontalo. The devices used
consist of hardware and software. The hardware
was a Personal Computer (PC) with an 8th
Generation Inter® CoreTM 1i5 processor and 4GB
DDR4-2400 SDRAM (1 x 4GB) memory and an
internal storage capacity of 256 GB PCle®
NVMeTM M.2 SSD. Meanwhile, the software was
the Microsoft ® windows 10 Pro 32-Bit Operating
System (OS), chemdraw professional 15.0 2015,
SPSS version 21.0, and hyperchem 18.0.

The sample of this study was a 7-O-amide
hesperetin derivative and its anti-inflammatory
biological activity (IC50) value obtained of the
publication of Yilong (2019) [20]. The parent
structure of the 7-O-amide hesperetine compound
was shown in Figure 1.
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Fig 1. Guiding Compounds: 4a-41(a), 5a & 5b(b), 6a — 6f(c), 7a — 7c(d). R included methyl, ethyl, propyl, i-propyl, butyl, t-
butyl, H, cyclopropane, cyclopentane, cyclohexane, CH;OH, OH, morpholinyl and X was CHz, S, CH, NO.

A total of 23 series of derivative compounds of
7-O-amide hespetine (table 1) taken from literature
4 were drawn in 2D and then transformed into 3)
using Chemdraw Professional 15.0 of 2015. The
structures (3D) were carried out geometry
optimization using hyperchem, and then
calculatingdescriptors using the Austin Model 1
(AM1) method. The descriptors used were
parameters according to the Hansch QSAR model,
namely HOMO energy, LUMO energy, log P,
hydration energy, polarizability, and net atomic
change The data analysis technique used to
determine the QSAR equations were multi linear

regression (MLR) statistics calculated using SPSS
21.0. These equations were then selected based on
statistical parameters that describe significance,
namely the correlation coefficient (R), the square of
the correlation coefficient (R?), the Feount and Fiapie
ratio, and the standard error (SE)'?. Then the
resulting data were tested against the test
compound by calculating the PRESS (Predicted
Residual Sum of Squares) value. The best equation
model was the one with the smallest PRESS value
[21]. The best anti-inflammatory compounds were
those  with  the lowest ICso [22,23].
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Table 1. Derivative compounds of 7-O-amide hesperetine

Compound Structures
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3 Results and Discussions pharmacological characteristics. This descriptor
data were used as an independent variable in

3.1 Calculation of Descriptors statistical analysis to find the QSAR equation for 7-
O-amide hesperetine derivatives. The descriptor

The molecular descriptors referred to in this calculation was carried out using Austin Model-1
study were the physicochemical properties of the 7- (AM1). The AMI semi-empirical method was very
O-amide hesperetine derivative compounds as suitable for use in this study because most of the
parameters to study the quantitative structure- organic compounds were compatible with this
activity relationship and determine method. This method also had good prediction
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accuracy, required a relatively short time in
calculations and did not require large memory in
data storage [24]. A descriptor was a parameter that
represents the relationship between the structure of
a molecule and the biological activity of
molecule?'. In the design of drug molecules, atomic
charge was also used to describe the polarity of a
compound. Atomic charge descriptors were also
commonly used in calculating or measuring the
chemical reactivity index as a measure of weak
intermolecular interactions [25].

In this study, the electronic descriptor used
were the net atomic charge (q) in the main
framework of the 7-O-amide hesperetine

compound with a total of twenty-seven net atomic
charges, namely qCl, qC2, qC3, qC4, qCS5, qC6,
qC8, qC10, qC11, qO14, qO16, qO17, qC19, qC20,
qC21, qC22, qC24, qC26, qO28, qO30, qC31,
q035, qC36, qC39, qO40, gqN41, HOMO (highest
occupied molecular orbital) energy, LUMO (lowest
unoccupied molecular orbital) energy, while
molecular descriptor data in the form of partition
coefficient (log P), polarisibility, and hydration
energy obtained from the calculations on the QSAR
properties on the compute menu using Hyperchem.
The results of the calculation of the descriptors
were shown in table 2.
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Table 2. Descriptor calculation results

No. qC1 Q2 €3 o4 05 qC6  qC8 qCl0 qCH q014 q016 q017 qC1y qC20 qC21 oC22 qC4  ¢C26
da 0295 0226 033 0184 0243 0173 0302 00837 02321 02499 01970 0335 011 01734 00092 0021 01284 00704
4 0294 0226 033 0184 0244 0074 0302 00838 02320 02494 01975 03332 001 00736 00093 0.0211 00282 0.0703
4o 0295 0226 033 0184 0243 0173 0303 00837 02320 02501 01971 03338 0099 04735 00092 0.0209 -0.1283  0.0701
4 0294 0226 033 0185 0245 0073 0302 00838 02320 02493 01975 03331 00100 00735 -0.0093 00211 -0.1283  0.0705
de 0294 0226 033 0184 0245 0074 0302 00838 02320 02494 01974 03333 001 00735 00093 0.0211  -0.0283  0.0703
4 0294 026 033 0185 0245 0173 0302 00838 02320 02494 00975 03331 00101 00735 01093 00211 01283 0.0704

dg 0294 0226 0334 0084 0245 0173 0302 0088 -02321  -02494 00974 0331 001 01736 -0.1094  0.0212 00283 0.0704
4 024 0227 0335 0085 0246 0177 0302 0089 -02321 02499 -0.0978 03332 00102 04738 01092 0.0211 00278  0.0703
i 0205 026 0335 0184  -0243 0174 0303 00837 022 02503 01972 0331 01097 01735 -0.1092 00209 -0.1283 0.7

4 029 0227 033 0185 0245 0077 0302 00839 02321 02488 -0.0976 03325 01106 04737 01093 00211 -0.1279  0.0707
0295 0226 0335 0084 0246 0174 0303 00837 -02321  -024%  -0.1974 03336 00097 00735 -0.1094  0.0212  -0.1284  (0.0702
4 0295 0227 0335 0185 0246 0075 0303 0.084 02324 02526 00977 03339 001 04738 00097 00215 -0.1287  0.0705
Sa <0294 0226 0335 0184 024 0175 0303 0.087 02321 02498 -0.1974 03337 00097 -01736 01093 00201 -0.1282  0.0701
b <0294 0226 0333 0185 0243 0172 0302 0.0839 02321 02492 -0.1968 03323 00113 04734 0009 00207 -0.0279  0.0711
ba  -0295 0226 0335 0184 024 0174 0303 0087 02321 02498 01974 03338 0009 01737 00093 00212 -0.1281  0.0699
ob 0294 0226 0334 0084 0244 0173 0302 0088 -02320  -0249 00975 0333 00103 04735 01093 0021 -0.1283  (0.0706
bc  -0294 0226 033 0184 0244 0173 0302 0087 02321 02497 00972 03333 -0.0098 0734 -0.109%  0.0211  -0.0285  0.0703
6d 0294 026 033 0184 0244 0173 0302 00838 02321 02494 01974 0333 00100 00736 -0.1094 00212 -0.1282  0.0704
be  -0294 0226 033 0184 024 0173 0302 00838 02321 02494 00974 03331 001 00736 -0.109% 00212 -0.0282  0.0703
of  -0294 0226 0334 0185 0244 0173 0302 00838 02321 02404 00972 03328 0.0103 04735 -01093 00211 -0.1283  0.0707
Ta <0293 0227 033 018  -0246 0176 0302 0084 02321 02485 00975 0332 00108 04735 00093 00212 -0.0281  0.071

oo <029 0227 033 0185 0246 0177 0302 0084 02321 02487 00978 03327 00105 01738 -0.0093 00212 -0.1278  0.0706
To 0294 0227 033 0185 0246 0176 0302 0084 02321 02487 01975 03323 00108 01736 01093 00212 -0128  0.0709




E3S Web of Conferences 400, 04007 (2023) https://doi.org/10.1051/e3sconf/202340004007
ICoSMEd 2022

Continued table 2

No  qO28 q030 qC31 q035 qC36 qC39 q040 qN41 HOMO LUMO Energi Hidrasi log P Polarizability

da 0258 02094 00669 -0.2005  -0.0442 03046 03591 03727 03302 -0.02497 -19.627 -3.602 36.873
4 02579  -02094  -0067  -02056  -0.0446 03037  -03657  -03683  -0.33047  -0.02519 -18.601 -3.26 38.708
4o 0258 02095 00609  -0.1989  -0.0453 03078 03555 03259  -0.32985  -0.02432 -15.711 -3.356 38.708
4d 02578  -02094  -0.067  -02052  -0.0447 02975 0359 0354 033057  -0.02545 -17.17 -2.791 40.543
4o 02579 02094  -0.067  -02042  -0.0439 0304 03643 03611 033049  -0.02517 -18.013 -2.847 40.543
4 02578 02093 -0.067 0205  -0.0447 02977 0391  -03545  -033055  -0.02542 -16.721 -2.395 42378
4g 02578 02094  -0.067  -0.2046  -0.0447 02975 03591 03536 033056  -0.02534 -17.085 -2.388 42378
4h 02578 02092 0067  -02152  -0.0544 03059  -03678 03541 033015  -0.02501 -16.972 -2.769 42378
4 <0281 -02095  -0.0669  -0.1986  -0.0457 03089  -03581 03224  -0.32967  -0.02384 -15.012 -2.671 42378
4 -02577  -02091 0067 02159  -0.0504 0307  -03594 03298  -0.33066  -0.02632 -18.407 -3.206 39.769
4 02579 -02096  -0.067 -0.2 0.0412 03004 03658  -0.3581  -033048  -0.0246 -17476 2414 43439
4 02582 02099  -0.067  -0.1924  -0.0412 0301 03661 03584 033048 -0.0246 -17.297 2,017 45274
Sa 0258 02095 0067  -0.203 0.045 03069 03547 03184 -0.34449 033002 -14.967 -3.03 41.604
Sb -02579  -02088  -0.067  -02063  -0.0443 03143 03529 03262  -0.32497  -0.02689 -16.695 -2.888 42.769
6a 02579 02095  -0067  -02015  -0.0456 03086  -0.3654  -03165 032995  -0.02407 -14.842 -2.634 43439
6b  -02578 02093  -0.067  -02052  -0.0446 03051 03621 03134 033066  -0.02576 -19.065 -3.333 45911
6c 02579 0209  -0.067  -02001  -0.0472 0319 03459  -03463  -033073  -0.02521 -19.45 -3.006 45911
6 -02578 02093 -0.067 02052  -0.045 03059 03615  -0314 033058  -0.02557 -15.09 -3.555 4479
6e 02578 02094  -0067  -02051  -0.045 03055  -03618 03136  -033051  -0.02539 -14.671 3212 46.625
6f  -02578  -02092  -0.067 02028  -0.044 03121  -03581 03191  -03307  -0.02606 -17.361 -3.698 42241
Ta 02577 02091 0067 02174 -0.0507 02995 03542 03537 -0.33148  -0.02755 -24.865 -4.045 39.345
o 02577 02091 0067 -02163  -0.0527 02962  -0.3556 03525  -033065  -0.02606 -17.448 -3.623 43729
Te 02577 02091 -0067  -02168  -0.0508 02971  -0.3601  -0.3481 033104  -0.02704 -19.527 -3.966 47262




E3S Web of Conferences 400, 04007 (2023) https://doi.org/10.1051/e3sconf/202340004007
ICoSMEd 2022

was necessary to separate the 23 7-O-amide
3.2 Determination of Training Set and Test hesperetine derivatives into a training set and a test
Set set. The results were shown in table 3.

In analyzing the search for the best form of the
QSAR equation and validating the equation model, it

Table 3. Compounds of training set dan test set

Training Set Test Set
Compounds Compounds
ICso log ICso 1Cso log ICso

4a 38.53 1.5858 4d 19.32 1.2860

4b 29.94 1.4763 4k 16.63 1.2209

4c 32.46 1.5113 6b 31.12 1.4930

4e 26.13 1.4171 6¢ 32.28 1.5089

4f 29.71 1.4729 7b 92.51 1.9662

4g 24.59 1.3908 7c 42.38 1.6272

4h 42.02 1.6235

41 30.48 1.4840

4 41.70 1.6201

41 33.30 1.5224

Sa 36.22 1.5589

5b 30.30 1.4776

6a 23.40 1.3692

6¢ 40.55 1.6080

6d 33.82 1.5292

6f 32.62 1.5135

7a 28.43 1.4538

The training set compounds were analyzed to

generate the QSAR model, while the test set 3.3 Statistic Analysis
compounds were used to validate the QSAR model
generated from the training set. Before dividing into Multiple inier regression (MLR) was a statistical
two groups, the ICso values of all compounds were analysis used to analyze the quantitative relationship
converted to logarithms (log). This was done so that between the structure of the 7-O-amide hesperetin
the range of 1Cso values between one compound and compound and its anti-inflammatory activity. This
another did not differ too much and the distribution analysis was carried out with the help of SPSS
of the ICso values was better. The test set used version 21.0, where the dependent variable (y) was
consisted of 6 compounds determined according to the biological activity value (ICsp) of the 7-O-amide
the smallest log ICso value of 2 compounds, the hesperetin derivative, and the independent variable
medium log ICso value of 2 compounds, and the (x) was a descriptor. This analysis was initially only
largest log ICso value of 2 compounds. The remaining carried out on training set compound data. The aim
17 compounds were used as a training set. was to determine the descriptors that had a significant

effect on the ICso value as shown from the best
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QSAR equation resulting from this stage. The
analytical method used in SPSS for this stage was the
Backward method. The output of the multilinear
regression analysis was the statistical parameters of
various descriptor combination models that were
associated with the I1Cso value, namely the correlation
coefficient (R), the coefficient of determination (R?),
the standard error of estimate (SEE), and the Fischer
value (Feount)-

The best QSAR equation was the one that fits the
following criteria: the R? value was greater than 0.6,
the SEE was less than 0.3, and the Feount/Ftable ratio
was greater than or equal to 1. When the statistical
analysis results meet the above criteria, then it could
be ascertained that there was a relationship or
correlation between the structure and activity of a
compound being analyzed.

Table 4. Statistical analysis of training set

Model Descriptors R? SEE Fhit/Feab
1 Log P, C(2), Energy HOMO, C(1),
C(6), C(3), C(11), C(8), C(10), C(4), 0.805 0.067 1.380
0(14), C(5)
2 Log P, C(2), Energy HOMO, C(1),
C(3), C(11), C(8), C(10), C(4), O(14), 0.800 0.061 1.814
C(5)
3 Log P, C(2), Energy HOMO, C(3),
C(11). C(8). C(10), C4). 004).C(5) | 7% 003 2
4 Log P, C(2), Energy HOMO, C(3),
(1), OB, C(10), Ord), C15) 0.764 0.056 2512
5 Log P, C(2), C(3), C(11), C(8), C(10),
o, 05, 0.733 0.055 2.738
7 C(2), C(3), C(11), C(8), C(10), C(4) 0.619 0.059 2.706
8 C(2), C(3), C(11), C(8), C(4) 0.610 0.057 3.445

Based on the data in table 4, there were 8 QSAR
models. This indicated that the effect of the
independent variables (descriptors) used on the anti-
inflammatory activity was quite large (more than
60%). The SEE value also meets the criteria (less
than 0.3). This value indicated the accuracy of the
resulting model for predicting new anti-inflammatory
compounds was very good, the closer to 0 the more
accurate. Fhit/Ftab ratio that indicated the levels of
significance of the effect of the descriptor on activity
were met the criteria (more than 1). This showed that
the level of significance of the descriptor's influence
on activity. Based on the specified statistical
parameters, all models were acceptable and further
validated using a test set.

3.4 Validation of QSAR Equation Models
Validation of the QSAR equation model aims to

ascertain whether an equation was able to predict the
value of the biological activity of a series of

10

compounds with a low probability of error. If the
QSAR equation was valid then the equation can
represent mathematically the quantitative relationship
between the descriptors and the biological activity of
the compounds studied. Validation of the QSAR
equation model was carried out on the test set
compounds by calculating the predicted residual sum
of squares (PRESS) values from the received
equations. The PRESS value was the sum of the
squares of the difference in the value of the biological
activity of the experimental results with the predicted
biological activity based on the selected equation
models. A good equation was characterized by a
small PRESS value because it showed a small error
rate in calculating the value of biological activity.
Models 6, 7, and 8 were validated because its had the
fewest descriptors compared to the other models.
PRESS values and log ICsy experimental results and
prediction results for the test set for the selected
model werepresented in table 5.
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Table S. Experimental and predictions values of PRESS and log IC50 for the test set

Compounds l;())(%:rcirsr(;:lft log ICs of predicton
Model 6 Model 7 Model 8

4d 1.286 1.412 1415 1417
4k 1.220 1.447 1.409 1.381
6b 1.493 1.427 1.473 1.489
6e 1.508 1.654 1.604 1.613
7b 1.966 1.663 1.663 1.673
Tc 1.627 1.465 1.480 1.479

PRESS 0.210 0.174 0.161

The smallest PRESS value was shown by model 8
(0.161). This indicated that model 8 was the best
QSAR model involving the descriptors qC2, qC3,
qC4, qC8, and qC11. Another thing that supported

log 1Csg of prediction

(]

l(.\g 1Csq of Prediction
e o (3%

=1

25

20

1.5

()

log ICsp of experiment

5
04 +
S +
+ y=1.5888x - 0.885
0 A RE=04724
S A
.0 T T
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Fig 2. ICso log values of experimental and prediction results on models: (a) 6, (b) 7, (¢) 8, and (d) all

Based on figure 2(c), R» prediction value of model
8 was quite good, namely 0.736. This value met the
R? prediction criteria, namely R? pred > 0.5, and
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declared valid or acceptable. Therefore, model 8, the
result of the analysis using the multiple linear
regressions, can predict well the activity of anti-
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inflammatory compounds derived from 7-O-Amide
Hespetine outside the training set.t.

The plot of the ICso log values from the
experimental results and predictions for all
compounds can be seen in Figure 5. The prediction

R? value was 0.678. This value indicated a good
correlation between the anti-inflammatory activity of
the experimental and predicted results. The model
that was generated from all data of 23 compounds
involving the descriptors qC2, qC3, qC4, qC8, qCl11
obtained the following equation:

LogIC_50 = —2581.151 + (3127.454 x qC2) + (1884.436 x qC3)+ (—1581.855 x qC11) +
(8181.049 x qC8) + (—2166.325 x qC4) i)

where: n =23, R>=0.679, SEE = 0.092; Feout/Fib = 7.189, and PRESS = 0.144

In the above equation, the negative coefficient
indicated that increasing the descriptor would result
in lower ICsp log values as an indication of a more
active compound. The statistical parameters resulting
from the above equation met the predetermined
criteria, so that the equation could be used to predict
the values of the anti-inflammatory activity of 7-O-
Amide hesperetine derivatives.

3.5 Proposed Anti-Inflammatory Compounds

The proposed anti-inflammatory compounds in
this study were designed by replacing the substituents

R, R1, Ry, R3, R4, Rs and X in the four series of 7-O-
amide hesperetine parent compounds. The designed
compound was expected to show a smaller log ICso
value than the guiding compound series which
indicated  better  anti-inflammatory  activity.
Replacement of substituents was based on isosteric
properties between the previous group and the
replacement group. In this study, 21 proposed anti-
inflammatory compounds were designed to be
derived from 7-O-amide hespetine as presented in
table 5.

Table 6. Proposed anti-inflammatory compounds.

No R R1 R2 R3 R4 RS X Log ICso
24 - NH; H - - - - 1.257
25 - Etil F - - - - 1.734
26 - NH; Metil - - - - 1.509
27 - Propil F - - - - 1.769
28 - i-Propil F - - - - 1.722
29 - Butil F - - - - 1.574
30 - i-Butil F - - - - 1.758
31 - t-Butil F - - - - 2.746
32 - F Etil - - - - 1.566
33 - Cyclopropil F - - - - 1.874
34 - Cyclopentana F - - - 1.650
35 - Cycloheksana F - - - - 1.638
36 - - - - - - NH 1.319
37 - - - - - - O 1.532
38 - - - H H H N 1.194
39 - - - H CH3;NH, H N 1.648
40 - - - H H CH;3NH, N 1.715
41 - - - Metil F F CH 2.075
42 - - - Etil F F CH 2.532
43 - - - - H H S 1.517
44 | NH, - - - - - - 1.709

12



E3S Web of Conferences 400, 04007 (2023)
ICoSMEd 2022

https://doi.org/10.1051/e3sconf/202340004007

The proposed anti-inflammatory compound was
chosen based on the lowest ICsy value. Because of
ICso was the effectiveness of a compound in
inhibiting a reaction, in this case inflammation. When
the 1Csp value of a compound was low or small, the
compound was more effective at inhibiting
inflammation. Based on the results of calculating the
activity values of several compounds that had been
designed, the proposed compound that had the best
anti-inflammatory activity from the previous 7-O-
amide hesperetine derivatives was compound 38
which involved an N atom, and three H atoms where
each was bound to X, R3, R4, and Rs.

According to Hidayati (2008) that flavonoids
function by inhibiting cyclooxygenase and
lipooxygenase enzymes which can provide hope for
the treatment of symptoms of inflammation and
allergies. Flavonoid was the phenolic group which
can act as a poison inhibitor and a slow-acting
nervous system [27]. The 7-O-amide hesperetine

compound was a flavonoid compound that could play
a role in overcoming inflammation, therefore the
descriptors that influenced the anti-inflammatory
activity of the derivatives of this compound were
qC2, qC3, qC4, qC8, and qCl11, all of which were in
the chroman core which characterizes flavonoid
compounds. The net atomic charges of the five
descriptors were different. This showed that there
was a difference in the electron density of each of
these atoms. The net atomic charge of an atom was
negative, indicating that the electron density was
smaller than that of an atom with a net positive
atomic charge. The anti-inflammatory compound
proposed with the most effective ICso in preventing
inflammation was compound number 38 which was a
derivative of compound 6a where there was a
substitution of the N atom in substituent X which
changed the end of the compound from the piperidine
group to piperazine. The group changes were shown
in figures 3(a) and (b).

Fig 3: (a) compound 6a; (S)-5-hydroxy-2-(3-hydroxy-4-methoxyphenyl)-7-(2-ox0-2-(piperidin-1-yl)ethoxy)chroman-4-one, (b)
compound 38; (S)-5-hydroxy-2-(3-hydroxy-4-methoxyphenyl)-7-(2-ox0-2-(piperazin-1-yl)ethoxy)chroman-4-one.

Substitution of the CH group with an N atom has
made the anti-inflammatory activity of this
compound more effective because the piperazine
group was richer in electrons than the piperidine
group. Hatnapure (2012) showed that electron-rich
piperazine could increase the activity of chromone
units in flavonoids in order to inhibit inflammation
[28]. This was what causes the ICso value of
compound number 38 to be lower than other 7-O-

13

amide hesperetine derivatives. The choice of the N
atom as a new group to be substituted for the CH
group was due to the isosteric N atom with the CH
group, the number of electrons of N atom is the same
as the number of electrons of the CH group, 7
electrons. Systematically the compound proposed
number 38 is named as (S)-5-hydroxy-2-(3hidroxy-4-
methoxyphenyl)-7-(2-ox0-2-(piperazine-1-
yl)ethoxy)chroman-4-one.
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4 Conclusion

The best QSAR equation for the 7-O-amide
hesperetine derivative compound series is log ICso = -
2581,151 + (3127,454 x qC2) + (1884,436 x qC3) +
(-1581,855 x qCl11) + (8181,049 x qC8) + (-
2166,325 xqC4). The descriptors that influence the
anti-inflammatory activity of 7-O-amide hesperetin
are qC2, qC3, qC4, qC8, and qCl1. The best
proposed compound is compound number 38 )(S)-5-
hydroxy-2-(3hidroxy-4-methoxyphenyl)-7-(2-oxo-2-
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