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This research predicts the anticancer activity on the Hela cell line of new flavonoid kaempferol-3-O-methyl ether
isolating from rhizome Zingiber zerumbet SM by using the spectrum data activity relationship (QSDAR) models. This
model has been developed for a set of 3-aminoflavonoids based on the simulated-spectral data *C NMR and **0 NMR
resulting from the semi-empirical quantum chemical calculations TNDO/2 SCF. The atomic sites Oy, Oy, C,, Cs, Cg, C; and
C,: in the QSDAR models significantly contribute to anticancer activity resulting from the Genetic algorithm (GA). The best
regression model QSDARw. r With the values R%, of 0.9057 and R%.q of 0.7137, and the neural network model
QSDARann I(7)-HL(9)-O(1) with the values R%;, of 0.993 and R4 0f 0.971 have been explored to predict the anticancer
activities on Hela cell line for new flavonoid kaempferol-3-O-methyl ether from rhizome Zingiber zerumbet SM in

Viet Nam.
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Natural products from plants are interested in
searching for new anticancer drugs and can directly
affect the Hela cell line and reduce side effects.
Recently, we have isolated a few flavonoids from
rhizome Zingiber zerumbet SM proposed by Do Tat
Loi 2006" and tested in vitro activities pointed out the
relatively substantial impacts for cancer cells Hela”.
Flavonoids are polyphenolic compounds in most
plants®®. The flavonoids from rhizome Zingiber
zerumbet SM have also tested the biological activities
in some different cancer cells*®. Furthermore, the
flavonoids presented their activities, and the role of
food within flavonoids in cancer inhibition is widely
studied®”.

The derivatives flavonoids are present in all higher
plants and are found in many everyday vegetables and
fruits"®. Flavonoids are known to be a group of
compounds that have antioxidant effects or prevent
the oxidation of free radicals produced during
metabolism, such as OH «, ROO - ...>°. In addition,
flavonoids in natural foods can form complexes with
metal ions, which act as catalysts that inhibit
oxidative reactions. Therefore, flavonoids have the

effect of protecting the body, preventing
atherosclerosis, stroke, aging, liver degeneration,
radiation damage, and prevention: osteoporosis,
hypertension, cardiovascular, high cholesterol, and
some cancers'®*.

The experimental results of this work have been
studied the relationships between the structure and
anticancer activity of flavonoids kaempferol-3-O-
methyl ether and kaempferol-3-O-(2,4-O-diacetyl-
alpha-L-rhamnopyranoside) isolating from rhizome
Zingiber zerumbet SM in Viet Nam' using spectrum
data **C NMR and O NMR on carbon and oxygen
atoms. In addition, the statistical techniques were
supported for building QSDARyr and QSDARann
models to predict the anticancer activities of these
flavonoids™®*2.

In this work, we report using semi-empirical
guantum calculations TNDO/2 SCF to calculate
spectrum data *C NMR and **0O NMR on carbon and
oxygen atoms and the construction of quantitative
spectrum data and activity relationships (QSDARS)
for 32 flavone and isoflavone derivatives. The
multivariate regression and the artificial neural
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network are used to construct the QSDARwr and
QSDARany  model. In addition, the anticancer
activities Glso/ u M of flavonoids in the test group and
new flavonoid kaempferol-3-O-methyl ether isolating
from rhizome Zingiber zerumbet SM in Viet Nam
resulting from QSDAR models are compared with
those from experimental data.

Experimental Section
Isolation process of kaempferol

Before determining the kaempferol-3-O-methyl
ether structure by '"H NMR and *C NMR spectrum***®
and crystal method", the chemicals and the
equipment for isolating and purifying kaempferol-3-
O-methyl ether were also used similarly in our
work®™. In addition, the techniques of thin-layer and
column chromatography and the different spectrum
techniques™ as nuclear magnetic resonance spectrum
(NMR) 'HNMR (500 MHz) and “C NMR (125
MHz) implemented on Bruker AMS500 FT-NMR
Spectrometer were used to identify the kaempferol-3-
O-methyl ether structure.

Database

The accurate capability of the QSDAR model
depends on the collected data source. So the data set
for building QSDAR model consisting of molecular
structures with anticancer activities Glso/uM for Hela
cell line (Gls, is the concentration of 50% of maximal
inhibition of cell proliferation) were taken from
Wang etal. in the literature™'®, as pointed out in
Figure 1 and Tablel. The value logGls, is the
subsequent dependent variable that defines the
biological parameter for the QSDAR model.

PGlso = —logGlsp ..

This research  constructs the quantitative
relationships between chemical-shift data 7z of
BCNMR and ONMR spectra and anticancer
activities on the Hela cell line. The 32 flavonoid
structures proposed by Wang et al.>** were optimized
by the MM+ method, and they have been utilized to
calculate their chemical-shift data z of *C NMR and

(b) :
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Figure 1 — Molecular skeleton: (a) flavone and (b) isoflavone 16
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>0 NMR spectra of carbon and oxygen atoms using
semi-empirical quantum  chemical calculation
TNDO/2 in HyperChem'®. The flavonoid skeleton is
given in Figure 1.

The QSDARwmr model was constructed with the
multivariable regression techniques™®?. Artificial
neural networks are intelligence systems; it is based
on the natural neural network. So the artificial neural
network model QSDARnn Can be constructed with
the program Neural Network in Mathlab®?°,

Constructing QSDAR models
Multivariate regression model
The linear least-squares construct multivariable
linear regression models QSDARM-® fit on several
independent variables 7z for the activity variable Y.
All the above mentioned can be generalized to the
case of dependence of activity variable Y on several

independent (chemical-shift) variables 7, {XE
“Independent variables”} (X; X2 ..., Xip)20’23. The
QSDARymir  model consists of the selected
coefficients, by ensuring the most significant

adequacy to the formed linear model. The coefficients
b, are found from the minimization of the residual
sum of squares {XE ‘“Residual:sum of squares”}
(RSS) of differences between observed and predicted
values'®?*:

RSS, = (¥, ~ 9. Q)

Where y; and §; =by +b,X;, +b,x;, +...+b X, are
experimental and calculated activity.

Artificial neural network model

The artificial neural network (ANN) is generally
presented by a neural network diagram, node
characteristics, and training or learning rules. Many
nodes create an ANN architecture. The
backpropagation neural network (BPNN) is also
known as a multi-layer feed-forward network. The
training dataset trains this BPNN while tuning the
network parameters using an error backpropagation
mechanism®*?. A BPNN consists of several layers of
networks; however, it is most frequently accepted as
three-layer architecture type QSDARann 1(K)-HL(m)-
O(n), as exhibited in Figure 2. The input layer 1(k)
with k neurons are seven chemical-shift parameters,
%; the hidden layer HL(m) with m hidden neurons;
and the output layer O(n) with one neuron n = 1 is
anticancer activity pGlse. The training algorithm for
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Table | — The experimental anticancer activity pGlso and structures of 32 flavonoids**®
Structure Substitutes R, Ry, R, and R, pGls
1*: R=0OH, R; = Me 5.6990
2: R= OH, R, = CgHs 5.7447
3: R=0H, Ry = p-F- CgH, 5.6778
4:R= OH, R, = p-OMe- CgH, 5.6990
5: R=Me, R; = Me 5.6990
6: R= Me, R; = CoHs 5.7959
7: R=Me, R; = p-F- C¢H, 5.6990
8: R= Me, R1 = p-OMe- C6H4 5.6990
9: R=0OH, R, = Me 5.9208
10: R= OH, R, = CgHs 6.0969
O 11*: R= OH, R; = p-F- CgH, 5.7959
O | 12: R= OH, R, = p-OMe- CgH, 6.0000
13: R=Me, R, = Me 6.0458
f @ | 14: R=Me, R, = CgHs 5.6198
_N_ e} 15: R= Me, R, = p-F- CgH, 5.6383
R R2 16: R= Me, R, = p-OMe- CgH, 5.6990
R 17: R=0OH, R3 = Me 5.6990
N 18: R= OH, R3 = CgHs 5.6990
Jv o o O 19: R= OH, Ry = p-F- CgH, 5.6990
R3 20: R=0OH, R3 = p-OMe- C¢H, 5.6990
O | 21: R=Me, R3; = Me 5.6576
22: R= Me, Ry = CgHs 5.1805
0 23: R=Me, R3 = p-F- CgH, 5.5686
24*: R= Me, R; = p-OMe- C¢H, 5.6021
25*: R=OH, R; = Me 5.0088
26*: R= OH, R3 = C¢H; 5.0458
27: R=OH, Ry = p-F- C¢H, 5.1079
28: R= OH, Rs = p-OMe- CgH, 5.1192
29: R=Me, Rz = Me 5.0706
30*: R= Me, R3 = C¢H;5 5.0862
31: R= Me, R3 = p-F- CsH, 5.1938
32: R= Mg, R; = p-OMe- CgH, 5.1367

* has randomly selected substances in the test group
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Figure 2 — (a) The change of R%, and SE by numbers k; (b) Correlation between PGlsgexp and pGlsg preg 8t QSDARANn Model 1(7)-

HL(9)-0(1).
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neural network

22,23

backpropagation
Levenberg — Marquardt

(BPNN) s

Performance criteria

In this study, the different errors were used to
assess the performance of the QSDARy.r and
QSDARanny Models. The root means square error
(RMSE) and multiple correlation value R* were used
to indicate the observed and predicted values®®*?,
The expressions of these errors are given as

Multiple value R? is designated in the following
formula:

R? :1_%(%——%) ...(3)
Z(Yi _7)2

The predicted results derived from QSDAR models
are compared with experimental data using the
relative errors (ARE,%)21>%%:

ARE,% :1OO|(yi - yi)/yi| ...(4)

The average value of absolute relative errors

ARE,%%?* is calculated and used for assessing the
global uncertainty of QSDAR models

1001 — %) .5
Yi
with N is number of activity values

Where y; is experimental activity pGlsgexp; Vi IS
calculated activity pGlsopeqs from QSDAR models;
v is the average value of pGlsg exp.

MARE,% =

Results

Constructing QSDARy g model

Experimental structures of flavonoids were
re-optimized by using molecular mechanics MM+ at
gradient value 0.05. The chemical-shift values, 7 on

11,16
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atoms, resulted from simulation-spectrum calculation
BCNMR and O NMR using the semi-empirical
guantum chemistry method TNDO/2 SCF of module
HyperNMR™. The QSDARwix and QSDARann
models were constructed from chemical-shift values,
7, On atoms oxygen and carbon.

From experimental activity pGls, and independent
variables (chemical-shift values, 7 are changed in
range 2 to 10) for the atoms oxygen and carbon, the
QSDARyr models are established by the equation
form pGls = Ybiz + be'*®. The QSADRyr models
were selected by combining the backward and
forward technique with the genetic algorithm, as
shown in Tablell. The selection process for
QSDARyr models is based on the statistical values
Ryain, Standard error SE, R%q;, and R%eq. The selected
models QSDARyr Were also cross-validated by the
leave-one-out technique.

From Figure 2a and Table Il, the QSDARy.r
model (with k = 7) including the chemical-shift values
3C NMR and O NMR of atoms O;, Oy, C,, Cs, Cs,
C; va C, are exhibited at value R, of 0.9057, Fyu
of 24.683 and SE of 0.1213. This model seems to be
the best QSDARmir model. Those values also
exhibited the significant contribution to the anticancer
activity of flavonoid derivatives, as in Table Ill. The
QSDARyr model (with k = 7) is pointed out in

pGlso = 32.990 + 0.01560; + 0.005504; - 0.045C, -
0.063C;3 - 0.047C; - 0.059C; - 0.037C,: ...(6)

with n = 26; R?i, of 0.9057; R%; of 0.8690; R%e Of
0.7137; SE of 0.1213

In Table II, the average percentage of contribution
MP.x;,% of important atoms Oy, Oy1, C,, Cs, Cy4, Cs,
C; and C, by percentage of contribution P.x;% of
each independent variable'***®. The values MP,x;,%
are calculated by:

Table Il — Atomic sites are chosen in QSADR\, g models by using the backward and forward technique

k Atomic sites in QSDAR models RPain R%a; SE R%et

2 04 Cy4 0.3267 0.2681 0.2866 0.0362
3 01, C4, Cpy 0.4836 0.4132 0.2566 0.2035
4 04, C4, Cs, Cg 0.6356 0.5662 0.2206 0.3801
5 Oy, 011, C4, G, Cy 0.8016 0.7520 0.1668 0.6308
6 04, Oy, C3, Cy, Cg, C4 0.8606 0.8166 0.1434 0.6734
7 Oy, 041, C,, C3, Cg, C7, Cy 0.9057 0.8690 0.1213 0.7137
8 Oy, 041, C,, C3, Cy, Cs, Cg, Cy 0.9094 0.8668 0.1223 0.7129
9 04, Oy, Cy, C3, Cy, Cs, Cg, C7, Cy 0.9212 0.8769 0.1175 0.6782
10 Oy, 011, C,, C3, Cy, Cs, Cg, C7, C1-,Cy 0.9214 0.8689 0.1213 0.6407
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Table 111 — The statistical values, regression coefficients, and contribution percentage of chemical-
shift values 7, in QSDARy g models with k independent variables

. QSDARr MP.x;,% GMP,x;,
Variables k=5 k=6 k=7 k=5 k=6 k=7 %
R%ain 0.8016 0.8606 0.9057 - - - -
R’ 0.7520 0.8166 0.8690 - - - -
SE 0.1668 0.1434 0.1213 - - - -
Rtest 0.6308 0.6734 0.7137 - - - -
constant 14.4590 37.0550 32.990 - - - -
o]} -0.0001 0.0136 0.0156 0.1327 7.6489 9.9485 5.9100
Op 0.0041 0.0075 0.0055 18.599 11.3859 9.5007 13.1620
C, - - -0.0450 - - 16.4483 5.4828
Cs - -0.0580 -0.0630 - 14.3481 17.6032 10.6500
C, -0.0680 —-0.0780 - 71.640 27.4712 - 33.0370
Cs 0.0062 -0.0590 -0.0470 5.1686 16.4235 14.9654 12.1860
C, -0.0050 -0.0750 —0.0590 4.4604 22.7224 20.3118 15.8320
Cy - - -0.0370 - - 11.2222 3.74070

MP,x;, % :% Zk: (100"bm,ixm,i /Cmm) v (7)
i=1,m=5,6,7

,oo k
Vol Ctotal = Z|bm,ixm,i|
Where n = 26 - total compounds, m QSDAR models
(with m of 5 to 7); k variables in a model.

The global average percentage of contribution
GMPx;,%*?*% is calculated by

m~i?

k
GMP, x, tyozizlvlpmxi -(8)
m iz

with m is 3 QSDAR models

The significant contribution GMP,x;,% of atomic
sites on flavonoid compounds was pointed out in 3
models QSDARyr (with k = 5, 6, 7), as given in
Table I11. Those can be sorted by values GMP,x;,% as
Cs1>C;>04,> Ce > C3 >0,>C,>C,. The atomic
sites Oy, C;, O3, and Cg presented the most important
contribution. These seem to be the most important
sites for flavonoid substances due to these atoms wear
the carbonyl group C,= Oy;. The &t paired electrons of
bond C, = C; associate with free paired electrons of
atom O; to generate the conjugate system. The
carbonyl group C, = Oy presents the reactive activity
of the carbonyl system. This satisfied with
experimental works**>!®. Furthermore, the atomic
sites Cg, C;, C3 showed to be important sites, and
these are considered to substitute the new functional
group on atom sites Cs, Cg. and C,**™. Moreover, the
selected sites C;, Cs and C; are still the blank sites for
constructing new flavonoid derivatives with higher
activity.

1(7)-HL(9)-O(1)

Figure 3 — Back-propagation Neural Network BPNN with

architecture 1(7)-HL(9)-O(1)

From the QSDARwr model (with k = 7) we have
constructed the QSDARawn model with architecture
1(7)-HL(9)-O(1) based on the QSDARy.r model, as
illustrated in Figure 3. The neural network model
QSDARann  1(7)-HL(9)-O(1) was constructed by
Matlab System??®. Neurons in input layer 1(7)
involving chemical-shift values 7z, of atomic sites Oy,
011, Cy, C3, C5, C7, and C, in QSDARMLR model (6)
The output layer O(1) consists of one neuron pGlsg;
the hidden layer HL(9) has nine neurons. The error-
back propagation algorithm was chosen to train the
neural network. The value MSE of 2.5573 x 10°° was
obtained from the training process after training
10000 epochs. And training moment of 0.7. It was
obtained from the training process with 10000 epochs.
The quality of neural network model QSDARann 1(7)-
HL(9)-O(1) is presented in the values R%, of 0.993
and R%,req 0f 0.971. This can be explored to predict the
anticancer activities on the Hela cell line for new
flavonoid kaempferol-3-O-methyl ether isolated from
rhizome Zingiber zerumbet SM in Viet Nam.
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Identification of new flavonoid

After isolating flavonoid from Plant rhizome
Zingiber zerumbet SM* in Figure 4a, Kaempferol-3-
O-methyl ether was purified to generate the yellow
crystal with melting temperature in the range 249 to
250°C; the chromatography of thin layer with solvent
system n-hexane — EtOAc (7:3) was colored by
solution H,SO, 10%/ EtOH, and the yellow circle
created with Rf in 0.14.

The structure kaempferol-3-O-methylether was
identified by using the different spectra such as:
'H NMR (500 MHz, DMSO, & ppm): & 6,20 (1H, d, J
=2, Hg); 6,44 (1H, d, J = 2, Hg); 7,93 (2H, d, He', H,');
6,94 (2H, d, J =9, Hs,H3); 12,68 (1H, s, 5-OH); 3,78
(3H, s, Hy). ®CNMR (125MHz, & ppm): 8155,6
(Co); 137,6 (Cq); 177,9 (Cy); 161,2 (Cs); 98,5 (Cy);
164,1 (C;); 93,7 (Cg); 156,3 (Cy); 104,2 (Cyp); 120,5
(C1); 130,1 (Cy); 115,6 (Cy); 160,1 (Cy); 115,6 (Cs);
130,1 (C¢).

Interaction of atom C and H in heteronuclear
multiple-bond correlation (HMBC) and heteronuclear
single-quantum correlation spectroscopy (HSQC)
were pointed out the atomic sites: Hg - C5- C; - Cg -
Cio; Hg -Cg- C7- Cg- Cyg; His - C3; Hyo - G- C5- Cyp- -
Ce; Hy -C- - Gy - G4 - Cs; Hs: - Cy- - Gy - Cyo- Co;
He - C, - C» - C» - C4 - Cs. The structure of
kaempferol-3-O-methylether in rhizome Zingiber
zerumbet SM are shown in Figure 4b.

Determining structure by X-ray diffraction

In this work, we use an X-ray diffraction method to
determine kaempferol-3-O-methyl ether structure. X-
ray diffraction is the phenomenon of diffracted X-ray
beams on the crystalline surfaces due to the
periodicity of the crystalline structure that produces
the maxima and minimum diffraction. X-ray
diffraction (often abbreviated as X-ray diffraction) is
used to analyze the structure of solids, materials, etc.
In terms of physical nature, X-ray diffraction is
similar to that of electromagnetic diffraction. The

(a) Plant rhizome Zingiber zerumbet SM  (b) kaempferol-3-O-methylether

with Glsgexp (WM) = 15.37 = 0.401

Figure 4 — The kaempferol-3-O-methylether
rhizome Zingiber zerumbet SM *

isolating from
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difference in diffraction properties is due to the
interaction between X-rays with atoms and the
interaction between electrons and atoms.

The single crystal of structure kaempferol-3-O-
methyl ether CigH;,0¢ was determined™. A suitable
crystal was selected on a Bruker D8 Quest
diffractometer. The crystal was kept at 100 K during
data collection. Using Olex2", the structure was
solved with the structure solution program ShelXT?
using Direct methods and refined with the refinement
package ShelXL?" using least-squares minimization.

- The length of double bond C=C of 1.33 A is
calculated by the theoretical method. The single
crystal results of X-ray diffraction for bonds C,=C,,
Cs=Cio, Ci=Cu, C11=Cy3, C16=Cz, C17=Cys with
experimental length are in the range 1.360 to 1.399 A.

- Bond length C-C is theoretically 1.54 A, the
experimental length of C,-Cy is 1.47 A.

- Bond length C=0 is theoretically 1.20 A, the
experimental length of Cs-Og is 1.264 A.

- Bond length C-O is theoretically 1.43 A, the
experimental length of C,-O5 is 1.3766 A, length O;-
C, of 1.445 A length Cg-Og of 1.3489 A, length Cy;-
05, of 1.348 A, length C,4-Oy of 1.362 A are suitable
for those from the theoretical calculation.

The technique of X-ray diffraction presented the
kaempferol-3-O-methyl ~ ether  structure.  The
geometric structure is shown by the atom sites in the
space, including bond lengths and different angles, as
given in Table IV and Table V. The configuration
properties of kaempferol-3-O-methyl ether are
satisfactory for those from theoretical calculations.
This is a suitable structure for substance kaempferol-
3-O-methyl ether isolating from rhizome Zingiber
zerumbet SM*, as shown in Figure 5.

Table IV — Bond Lengths for kaempferol-3-O-methyl ether
resulting from X-ray diffraction

Atom Atom  Length/A Atom Atom  Length/A
c, G, 136002 Cww Cu 14042
C. O 1.3631(19) Cu Op 134802
C.  Cu  14702) Cu Ci 13962
C, O, 13766(19) Cis  Cu  1.388(2)
C, Cs  1.446(2) Cu O 1.3701(17)
0, C, 144502 C Cuy 14022
Cs 05  1264(2) Cis Cn  1397(2)
Cs C  1437(2) Cy  Ci 139002
C, Cs 142302 Cis  Ci  1.393(3)
C; Cu 13992 Cio  On 136002
Cs O, 1.3489(19) Cio Cn  1.390(3)
Cs Cp 13852 Cu  Cp  1389(2)
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The crystal data and experimental structure of
kaempferol-3-O-methyl ether were derived from the
X-ray diffraction method at the Laboratory of the
National University of Science, Ha Noi, as given in
Table VI.

Crystal data for CiH1,0s (M =300.26 g/mol):
orthorhombic, space group  kaempferol-3-O-
methylether, a = 7.0060(4) A, b = 25.9070(14) A, ¢ =
7.2062(4) A, V = 1307.96(13) A%, Z =4, T=100.0 K,
(MoKa) = 0.118 mm-1, D, = 1.525 g/cm?®, 44181
reflections measured (5.868° < 20 < 61.67°), 4114
unique (Rixx = 0.0465, Rsgma = 0.0199) which were
used in all calculations. The final Rywas 0.0387
(I>20(I)) and wR, was 0.0987 (all data).

Table V — The bond angle of geometric structure kaempferol-3-
O-methyl ether obtained from X-ray diffraction

Atom Atom Atom Angle/® Atom Atom Atom  Angle/’

C, C, Oy 121.2414) O, Cy Cy3 12220(15)
C, C, Cy 12682(15) Ci; Cuy Cyp 121.37(15)
Os C; Cy 111.93(14) Ciyy Ciz Cy  117.74(15)
C: C, O, 12151(14) C;; Cu C; 123.04(14)
C: C, GCs 12151(14) O Cu C; 120.67(13)
O; C, Cs 116.98(14) O;s Ci Ci; 116.28(14)
C, 0O, C, 11196(13) C; O;5 Cy 120.71(13)
Os Cs C, 121.72(14) C;; Ci C; 119.98(15)
Os Cs C, 12274(13) Cp, Cis C; 121.14(15)
C; Cs C, 11554(14) C, Ci Ci; 118.86(15)
Cs C, GCs 121.94(14) C;; Ci; Cis 120.71(16)
Cu C; Cs 12032(13) C;; Cig Cpo 119.69(17)
Cu GC; Cg 117.73(14) Ox Cis Ciy 116.81(17)
O, Cg C; 120.14(14) Oy Cig C»n 123.10(17)
Oy Cg Cyp 11956(14) Cy; Cig Cig 120.09(16)
Co GCs C; 12030(14) Cp Cin Cp 120.20(17)
Cs Ci Cpn 110.82(14) C; Cp Cis 120.44(17)

116.43(14)
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Prediction of in vitro activity of new substances
After isolating flavonoid kaempferol-3-O-methyl
ether from rhizome Zingiber zerumbet SM*, the
biological activity value pGls, was conducted to test
Table VI — Crystal data and refinement structure for kaempferol-
3-O-methyl ether from X-ray diffraction
Identification code kaempferol-3-O-methylether

Empirical formula C16H1206

Formula weight 300.26
Temperature/K 100

Crystal system orthorhombic

Space group kaempferol-3-O-methylether
alA 7.0060(4)

b/A 25.9070(14)

c/A 7.2062(4)

o/° 90

/e 90

y/° 90

Volume/A® 1307.96(13)

Zz 4

Peacglom® 1.525

wmm * 0.118

F(000) 624

Crystal size/mm? 0.1 x 0.08 x 0.04
Radiation MoKa (A =0.71073)

20 range for data collection/° 5.868 to 61.67
-10<h<10,-37<k<37,-10<1
Index ranges <10

Reflections collected 44181

4114 [Rin; = 0.0465, Ryigma =
Independent reflections 0.0199]
Data/restraints/parameters 4114/1/203
Goodness-of-fit on F? 1.092

Final R indexes [[>=20 (I)] R;=0.0387, wR, = 0.0959
Final R indexes [all data] R; =0.0427, wR, = 0.0987
Largest diff. peak/hole / e A 0.44/-0.24

Flack parameter 0.0(2)

Figure 5 — The identified substance kaempferol-3-O-methyl ether from the X-ray diffraction method
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Table VII — Comparison between experimental in vitro activities pGls, of six test flavonoids and kaempferol-3-O-methyl ether with
those from QSDARy g and QSDAR ann model

PGlso pred ARE,%
Substance Ref. PGlsg,exp
QSDARwRr QSDARanN QSDARwLRr QSDAR NN

Fla-1 5.6990 5.3879 5.7371 5.4589 0.6685
Fla-11 5.6990 5.9188 5.6681 3.8568 0.5422
Fla-24 [11, 16] 5.6198 5.9316 5.6662 5.5482 0.8257
Fla-25 ' 5.6383 5.8627 5.6843 3.9799 0.8158
Fla-26 5.6990 5.8841 5.7058 3.2479 0.1193
Fla-30 5.0862 4.8677 4.9365 4.2959 2.9433
Kaempferol this work 4.8130 4.8360 4.8061 0.4779 0.1434

MARE,% 3.3812 0.7785

in vitro toxicity on the Hela cell line in the laboratory
of molecular biology, National University of
Sciences, Ho Chi Minh city. The anticancer activities
PGlsopres OF randomly six selected flavonoids from
Table I''*® and ARE, % values resulting from
QSDARwr model (with k of 7) and QSDARann 1(7)-
HL(9)-O(1) given in Table VII.

The predictability of the models QSDARyr (with
k of 7) and QSDARan 1(7)-HL(9)-O(1)** were
evaluated carefully by the leave-one-out (LOO)
technique in the predictive values R%yeq >**%. The
activity values pGls, of six substances in the test
group resulting from QSDARyr and QSDARann
models were compared with values ARE,%, as shown
in TableVIl. Due to value MARE,% of the
QSDARwr Model is higher than value MARE,% of
QSDARanny model. So the predictability of model
QSDARann 1(7)-HL(9)-O(1) is better than model
QSDARur (with k of 7). Furthermore, two
QSDARyr and QSDARann models were used for
predicting anticancer activity pGls, of six test
substances in Table VII. They showed that the
predicted errors are in the uncertainty range of
experimental measurements. Therefore, the
QSDARyr and QSDARanny model can satisfy the
accurately predictability pGlsy for new flavonoids.

Docking simulation

To further confirm the inhibitory activity of
flavonoids on the growth of the Hela cancer cell line,
we investigated the mechanism of binding the
kaempferol derivative to the protein receptor by
docking simulation. In this section, the kaempferol
derivatives insolating from plant rhizome Zingiber
zerumbet SM are evaluated to inhibit the growth of
the Hela cancer cells. Furthermore, we investigated
the possibility of inhibiting the growth of these cancer
cells by inhibiting tubulin polymerization®?. This

result may help elucidate the anticancer effects of
flavonoid derivatives based on predictability from the
QSDARwr and QSDARany relationships. The ability
to bind kaempferol and its derivatives to tubulin
(Figure 6) was evaluated and compared. The crystal
structure of tubulin used in this study was obtained
from the protein data bank (PDB ID: 1TUB)*.

The protein crystal structure (ID CODE: 1TUB)
was used as the receptor model for docking
simulation. The distances between all essential amino
acids are limited between the ligands with a spherical
radius < 1.5 A%, The water and amino acid residues
are removed before determining the active site of the
protein. The flavonoid structure was optimized at
MMFF94x force field with gradient level 0.001; the
maximum epochs of 10,000 and the minimum energy
of the structure is 0.001 kcal.mol*. The RMSD radius
value of 1.408 A is the distance between the bound
and original structures that can bind the protein®.
Simulating the interaction of flavonoid derivatives
with 1TUB protein by Triangle Matching method and
epochs of 1000, the number of retained conformations
is 10, the number of solutions is 200/fragmentation
time. The docking results are based on docking score
(DS) (kcal.mol™), interaction distance (RMSD)
between ligand and protein; The bonds and
interactions evaluated include van der Waals bonds,
7- bonds, ionic bonds, and hydrogen bonds?.

Kaempferol-s interacts with 1TUB  with
DS =-7.959 kcal.mol™*; RMSD = 1.009 A, amino acid
hydrogen interactions are SER 140 (2.95 A; -1.3
kcal.mol™), ASN 101 (3.28 A, -1.5 kcal.mol™), LYS
254 (2.96 A, -10 kcal .mol™). The substance Flav-1
interacts with 1TUB with DS = -8.214; RMSD =
1.478, aminoacid hydrogen interactions are SER 140
(3.03 A, -1.2 kcal.mol™), ASN 101(3.34 A, -1.2
kcal.mol™), LYS 254 (2.93 A, -10.4 kcal. mol™®).
The substance Flav-2 interacts with 1TUB with
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flav2- ITUB -2D flav3d-1TUB -2D

» sidechain acceptor
«~ sidechain donor
-+ backbone acceptor
backbone donor
iga
e exposure

D polar

O acidic

O basic
greasy
proximity
contour

flav§ - 1TUB - 2D

metalfion contact
/-~ receptor
- exposure

Figure 6 — Compounds kaempferol-1, flav-1, flav-2, flav-3, flav-4, and flav-5 (Table VIII) were docked at the interface of a tubulin

heterodimer (PDB code: 1TUB), 2D and 3D structures.

DS =-8.402; RMSD = 1,952, aminoacid hydrogen
interactions are ASN 101 (3.55 A, -0.9 kcal.mol™),
LYS 254 (3.35 A, -7.7 kcal.mol ™), LYS 254 (2.66 A,
-1.5 kcal. mol™), GLN 11 (3.27 A, -3 kcal.mol™).
The substance Flav3 interacts with 1TUB with
DS = -8,735; RMSD = 0.748, aminoacid hydrogen
interactions are VAL 172 (2.78 A, -5.4 kcal.mol™),
SER 174 (3.27 A, -1.7 kcal.mol ™), SER 174 (3.31 A,
-0.8 kcal. mol™), ASN 206 (3.59 A, -0.6 kcal.mol™).
The substance Flav4 interacts with 1TUB with
DS = -8.868; RMSD = 1,196, aminoacid hydrogen
interactions are GLU 207 (3.52 A, -0.8 kcal.mol™),
SER 178 (2.81 A, -0.7 kcal.mol™), VAL 177 (3.75 A,
-1 kcal. mol™). The substance Flav5 interacts with
1TUB with DS= -8,965; RMSD = 1.541, aminoacid
hydrogen interactions are THR 145 (295 A,
-1 kcal.mol™), ASN 249 (2.9 A, -3 kcal.mol™), ALA
12 (3.28 A, -0.7 kcal. mol™), SER 140 (2.8 A,
-0.9 kcal.mol™).

The combination of hydrophobic interactions and
hydrogen bonding is responsible for the strong
binding of the flavonoid derivatives to the amino
acids of the 1TUB protein. The docking results
showed that the newly designed substances interact
well with the 1TUB protein and have a lower docking

score than kaempferol-1 insolating from plant
rhizome Zingiber zerumbet SM.

Discussion

To use ANN methods, we may need a large group
of data. In the case of many scattered data, there are
no definite rules. However, in this case, we found that
our data is highly linear and that the isolated
kaempferol-3-O-methyl ether is structurally located in
the region of 32 flavonoid compounds. The
experiment methods with 32 data are enough to
establish the regression-correlation models. The
regression model is also sufficient to predict the
anticancer activity of the new compound. We add a
regression ANN to provide a higher level of
confidence in predictability. Therefore, this group of
32 flavonoids is reliable enough to predict the new
compound kaempferol-3-O-methyl ether isolated
from rhizome Zingiber zerumbet SM in Vietnam. We
choose the QSDAR model because this model gives
the highest linearity and is reliable to predict the
antitumor activity for the kaempferol-3-O-methyl
ether structure. We also selected the test group to test
these models QSDARwr and QSDARanN, as shown
in Table I and Table VII. The predicted results for the
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Table VIII — The anticancer activities Glso (UM) of five new
flavonoids resulting from the QSDAR any model
New A method in this
substance Ce Cr Gy pGle work
kaempferol-1 H H H  4.813 invitro test on Hela
flav-1(new) H CH; H 5781 QSDARanN
flav-2(new) CH;CO H OCH; 6.155 QSDARAanN
flav-3(new) CH;CO OCH; H 6.158 QSDAR NN
flav-4(new) CH; OCH; H 6.488 QSDAR NN
flav-5(new)  CH; H OCH; 6.538 QSDARanN
test substances agree with the experimental

measurements, as shown in Table VII. The structure
kaempferol-3-O-methyl ether and in-vitro anticancer
activity in the Hela cell line were predicted by
'HNMR, C NMR, X-ray results, and the in-vitro
tests for kaempferol-3-O-methyl ether in the
laboratory of molecular biology, National University
of Sciences, Ho Chi Minh city. This could be an
essential testament to our success in this project.

Therefore, the compound kaempferol-3-O-methyl
ether with vacant positions Cs, C,- and C;- as the lead
compound was wielded for designing five new
various derivatives. The new function groups are
substituted into the positions Cs, C,- and Cs.. The
biological activities pGls, of five new-designed
flavonoids were predicted by using the QSDARanN
1(7)-HL(9)-O(1) model, as given in Table VIII. The
docking results of the newly designed derivatives
from kaempferol-1 show that the biological activities
of the new derivatives flav-1(new) to flav-5(new)
(Table VI1II) are improved in line with the predicted
results from the QSDARyr and QSDARnn models
built above.

The predicted values pGls, for five new-designed
substances are compared with the experimental
activity of kaempferol-3-O-methyl ether in Table VII.
Accordingly, the anticancer activities Glsg (UM) of
five new derivatives designing from Cs, C, and Cs
sites turn out to be stronger than the lead compound
kaempferol-1. Thus, herein the five newly designed
compounds will promise to forward the designing
plans for the new pharmaceutical products from
natural products.

Conclusion

We conclude that this work successfully isolated
compound kaempferol-3-O-methyl ether from plant
rhizome Zingiber zerumbet SM in Viet Nam' that may
prove to be helpful in guiding the rational search of
new therapeutic agents for cancer diseases. The

INDIAN J. CHEM., SEC B, OCTOBER 2021

chemical-shift values, 7 *C NMR and O NMR on
atoms oxygen and carbon from simulated spectrum
were utilized to construct the QSDAR models
successfully with important-contribution sites O;, Oy,
C,, Cs, Cs, C; va Cy on flavonoid compound which
effect an in vitro activity on Hela cell line.

The model QSDARaw  1(7)-HL(9)-O(1) was
employed to predict success invitro anticancer
activities of compound kaempferol-3-O-methyl ether
from plant rhizome Zingiber zerumbet SM in
Viet Nam' and the biological activities of five new-
designed derivatives from the vacant sites Cg, C,:, Cs:
of lead compound kaempferol-3-O-methyl ether. The
predicted activities from model QSDARawn 1(7)-
HL(9)-O(1) turn out to be stronger. The docking
results showed that the newly designed substances
interact well with the 1TUB protein and have a lower
docking score than kaempferol-1 insolating from
plant rhizome Zingiber zerumbet SM.
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