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The cytotoxic activity of chalcone and flavone compounds against cancer cells is influenced by the position and type
of substituents attached to their chemical framework. However, because chalcones and flavones are derived from
flavonoid derivatives, which have almost the same chemical structural characteristics, a method is needed to analyze
early indicators of the success of flavone synthesis. This method was identified by the parameters of chromophore
changes and differences in UV and IR spectra in ethanol and dimethyl sulfoxide (DMSO) solvents under acidic,
alkaline, and neutral conditions. 1-(2,5-Dihydroxyphenyl)-3-pyridine-2-yl-propenone receptor showed a darker color
change with increasing acidity, whereas different solvents showed bathochromic shifts in DMSO. UV-Vis spectrum
analysis of that receptor and its flavone derivatives revealed a difference in maximum wavelength with the number of
two peaks, first (260 and 309.5 nm, respectively) and second (309.5 nm). Absorption bands indicate the presence of
missing structural groups at a wavelength of 1,651 cm™ (specific groups in the starting material compound), and the
appearance of new absorption bands of 2,712.15 and 1,139.87 cm™" indicates specific groups. Microtetrazolium assay
method showed weak cytotoxic activity (IC, : 180 pm/ml) against T47D cancer cells.

INTRODUCTION

Breast cancer is one of the most common cancers affecting

Cancer is uncontrolled cell growth followed by an
invasion of surrounding tissues and spread (metastatic) to other
body parts. The main characteristic of cancer cells is the loss of
control over their growth and development (Senapati et al., 2018).
Several methods of curing cancer have been attempted, including
surgery, irradiation, immunotherapy, and chemotherapy, but each
has its weaknesses, so the success rate is still low. These problems
encourage the need for efforts to find new anticancer agents that
are more specific and sensitive (Mansoori ef al., 2017).
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women in both developed and developing countries. Based on the
2011 data by the Mutebi et al. (2020), the number of female deaths
due to breast cancer worldwide reached 508,000. Based on these
data, it is known that the number of cancer patients in developing
countries is higher than that in developed countries, namely 58%
(Bustos et al., 2022). Cases of breast cancer in Indonesia rank
highest in the category of cancer suffered by women, reaching 26
cases per 100,000 people (Hermawan et al., 2021).

Currently, available chemotherapeutic agents have
several limitations, such as an inadequate incidence of resistance,
side effects, and efficacy (Dardiotis er al., 2019). As a result,
therapy inefficiencies occur, so developing more effective and
efficient chemopreventive agents is necessary. Chemoprevention is
an agent that can inhibit the development of cancer cells, suppress
the growth of abnormal cells into cancer, and reverse the stages
of the carcinogenic process (Landis-Piwowar and Iyer, 2014).
Chemopreventive agents may reduce cancer risk by inhibiting the
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initiation of preneoplastic lesions by carcinogens or reversing cancer
progression (Orlikova et al., 2011; Steward and Brown, 2013).

In addition, some commercial drugs used to treat breast
cancer have side effects that are harmful to the body, such as the
risk of stroke and blood clots (Hermawan ef al., 2021; Shiozawa
etal.,2018). Therefore, it is necessary to develop drug compounds
that are safe and effective in inhibiting the growth of breast
cancer cells. Breast cancer is known to have a close relationship
with chronic cytotoxicity, and in-cell cytotoxicity is controlled by
T47D cells. Inhibition of this cell type has the potential for the
development of anti-breast cancer drugs (Stewards and Brown,
2013). Several strategies for the discovery of new anticancer
agents have been carried out, including the isolation of active
compounds from natural materials, the search for antimetabolite
compounds to specifically inhibit the growth of cancer cells, and
the synthesis of organic compounds known to have anticancer
activity. Several compounds from the class of flavonoids and
terpenoids have been known to have antitumor activity (Panche
etal.,2016). Chalcone and flavones belong to the flavonoid family
and have been extensively studied as therapeutics, especially as
anti-tumor drugs (Goldie, 2001). They are of interest because of
their activity and having a “high therapeutic index.” They are
considered “the new era of medicines” due to their capacity as
antitumor, antibacterial, and anti-inflammatory agents (Ouyang
etal.,2021).

Several chalcone and flavone derivatives have been
reported to have antifungal, antibacterial, anticancer, antitumor,
anti-inflammatory, antimutagenic, and hypoallergenic properties
(Hayashi et al., 2000; Zhou et al., 2022).

Several chalcone compounds with substitutional
hydroxyl groups (n'-hydroxychalcones) and flavones have been
studied and shown to have cytotoxic activity. The cytotoxic
activity of chalcone and flavone compounds against cancer cells is
influenced by the position and type of substituents attached to their
chemical framework. Some literature reports that the hydroxy and
methoxy groups attached to the A and B rings of chalcone and
flavone compounds can influence their cytotoxic activity against
cancer cells. Chalcone compounds with hydroxyl groups at
positions C-2’ and C-4’ in ring A (Fig. 1a) were also reported to be
more active in inhibiting the growth of breast cancer cells with an
IC,, 0f 17.3 uM (Hermawan et al., 2021).

In addition, previous studies reported that the flavones
apigenin with the three OH group and the flavones luteolin with the
four OH groups had better anticancer activity than the flavanone
naringenin and flavanone eriodiktiol by giving each an IC,
value of 12.12, 4.57, 47.89, and 45.95 uM against breast cancer
cells (Nam et al., 2004). Previous studies have also studied the
anticancer activity of flavone compounds containing hydroxy and
methoxy groups attached to rings A and B (Fig. 1b) (Reshma ez al.,
2017). The results of the study reported that at least two hydroxy or
methoxy groups attached to the benzene ring of flavone compounds
would provide anticancer activity, and anticancer activity will
increase with the increasing number of hydroxy and methoxy
groups attached. The synthesis of the phenyl ring at position B
of 4-chloro-2",4'-dihydroxychalcone and 2’,5'-dihydroxychalcone,
as well as the replacement of the OH group at position B of the
flavones apigenin and luteolin with 2-pyridyl, has never been
carried out through scientific investigations. However, research
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Figure 2. Differences in structure: (a) 1-(2,5-dihydroxyphenyl)-3-pyridine-
2-yl-propenone and (b) prediction of its derivatives such as flavone compounds.

conducted by Andy Eko (2022) (nonpublished article) regarding
the synthesis of the hydroxy chalcone derivative, namely, the
compound 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone,
has been successfully carried out (Wibowo et al., 2021a). The
compound  1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
can be a candidate starting material for further synthesizing its
derivative compounds as flavones.

A solvatochromic analysis is needed to determine the
initial success indicators in synthesizing 1-(2,5-dihydroxyphenyl)-
3-pyridine-2-yl-propenone and its derivatives such as flavone
compounds. In carrying out the analysis and identification as well
as distinguishing the characteristics of the two compounds, it is
necessary to know and understand the features of the molecular
structure and its properties. Compound 1-(2,5-dihydroxyphenyl)-
3-pyridine-2-yl-propenone is a chalcone flavonoid derivative
formed by the substitution of OH and pyridine groups with
polyethylene linked chains (Fig. 2a). In contrast, its derivatives
are flavones cyclized on conjugated double bonds o and f
(Fig. 2b).

In analyzing the compound 1-(2,5-dihydroxyphenyl)-
3-pyridine-2-yl-propenone and its derivatives, such as a flavone
compound, it is influenced by several factors, such as the
presence of a distinctive functional group and branched chains of
compounds derived from flavonoids that differentiate the chalcone
derivatives, namely, the compound 1-(2,5-dihydroxyphenyl)-
3-pyridine-2-yl-propenone and its derivatives such as flavone
compounds. Determination and identification of the compound
1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone  and its
derivatives, such as flavone compounds, based on the structure
and position of the constituent atoms can be carried out by the
solvatochromic method via a UV-Vis absorption spectrophotometer
(Wibowo et al., 2018). When an atom or molecule absorbs light,
the energy causes the electrons in the outermost shell to be excited
to a higher energy level. The type of excitation depends on the
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wavelength of the absorbed light (Zayed ef al., 2018). Ultraviolet
and visible light will cause electrons to be excited to higher
orbitals. The system responsible for the absorption of light is
called a chromophore (Zhou et al., 2022).

To testthe structural stability of 1-(2,5-dihydroxyphenyl)-
3-pyridine-2-yl-propenone and its derivatives, such as flavone
compounds, a solvatochromic test was carried out using the
UV-Vis spectrophotometer method. Then, to ensure that there is
a structural change, an FT-IR analysis will be carried out. This
study was intended to determine whether there was a change in the
structure of the compound 1-(2,5-dihydroxyphenyl)-3-pyridine-
2-yl-propenone to its derivatives, such as a flavone compound
(during the synthesis process), under acidic and alkaline conditions
in ethanol and dimethyl sulfoxide (DMSO).

MATERIALS AND METHODS

Tools and materials

Among the tools used are a 20 ml volumetric flask, a
5 ml flask, a stainless spatula, a UV-Vis spectrophotometer, and
a Shimadzu fourier transform infra red-8300. Then, to carry out
the in vitro test of T47D cells, researchers used a liquid nitrogen
tank, fluorescence microscope, phase contrast microscope,
fluorescence microscope, water bath, centrifuge, CO, incubator,
incubator, enzyme-linked immunosorbent assay (ELISA) reader,
hemocytometer (Neubauer), sterile conical tube, scraper, tissue
culture flask, ampoule, plate, laminar airflow, pH meter, 96-well
microplate, micropipette, vortex, electric balance, Eppendorf tube,
pipette, and tip.

The solvents needed are all types of proanalysis, namely,
ethanol (99.9%) and DMSO (99.9%). The receptor used is the
compound 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
(Wibowo et al.,2021b), and derivatives of these receptors, which
are thought to be flavone compounds. Meanwhile, the material
needed to perform the in vitro test for T47D is the cancer cell
line T47D grown in Dulbecco’s Modified Eagle’s medium high
glucose (Gibco, CA, USA) media. The growth medium contains
10% growth factor and 20% fetal bovine serum (Sigma Chem.
MA. St. Louis, MO), ethidium bromide, RNA-seq, DMSO,
sodium carbonate (E. Merck), 0.2 Pm filter paper, distilled water,
fungison, penicillin, streptomycin antibiotics (Sigma Chem. CO.
St. Louis, MO), HEPES, trypsin (Sigma Chem. CO. St. Louis,
MO), phosphate buffer saline (PBS), Microtetrazolium (MTT)
receptor compound 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-
propenone (Wibowo et al., 2021b), and sodium dodecyl sulfate
10% in 0.01 N HCI.

Analysis of the effect of acidity and degree of solvent

The UV-Vis spectrophotometer recorded in the
wavelength range from 200 to 400 nm in ethanol and DMSO
solvents at 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
receptors under acidic, alkaline, acidic, and netural conditions,
respectively. Furthermore, to determine the constituent groups of
the compound structure, FT-IR analysis was carried out. UV and
IR spectrum measurements were recorded at 25°C. A total of 1
mg of the compound (molecular weight 241) was dissolved in 10
ml of 95% ethanol. The absorbance measurement was carried out
after the solution was diluted with a dilution factor of 1,000 times.

Compound  1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
and its derivatives in the form of flavones can weigh as much as
0.01 g each in 5 ml of solvent. pH measurements were carried out
under acidic (pH = 3), alkaline (pH = 11), and neutral (pH = 6-7)
conditions.

T47D in vitro test using MTT assay

The growth of cell lines from storage in liquid nitrogen
for cytotoxicity tests was carried out using the following work
procedures: cytotoxicity tests as anticancer in this study used
cell lines T47D. The steps taken before the cytotoxic test include
growing cell lines in liquid nitrogen. Frozen cells from liquid
nitrogen were left at room temperature until partially thawed, then
put in a 15 ml conical tube with 10 ml of washing medium, and
then shaken until homogeneous. After that, centrifuge 750 g for
7 minutes. The taken pellet is added to the culture medium; then,
the cells are put in the flask. All of these activities were carried
out aseptically in laminar airflow. The cells were then incubated at
37°C with a 5% CO, flow.

The cytotoxicity test of the compound synthesized
using the MTT assay was carried out following the following
work procedure: if the cells have grown to fill the flask, the
media on the T47D cells is taken, washed with sufficient PBS.
Furthermore, the cells were removed from the wall of the flask
(scapper) using 0.5 ml of 0.05% trypsin. The flask was shaken
gently until all the cells were released. The cell suspension
was incubated 2—-5 minutes in a CO, incubator at 37°C. Then
the cell suspension was put in a 15 ml conical tube and added
with 5 ml of culture medium. The number of cells was counted
with a hemocytometer, suspended in culture media until a cell
density of 1.5 x 10* was obtained as much as 100 pl in each
well. Then incubated for 12-24 hours at 37°C in a CO, incubator.
Cytotoxicity test was carried out in 96 well plates. Samples were
dissolved in culture media containing 0.05% DMSO. Each well
was added 100 pl of sample with various concentrations using
three repetitions. The remaining wells were used for positive
controls containing cells without additional samples, and negative
controls containing only culture medium. Then incubated 12-24
hours at 37°C in a CO, incubator. The media was then taken, and
110 pl of culture medium containing MTT was added to each
well. The cultures were incubated for 4 hours at 37°C in a CO,
incubator. Then 100 pl of formazan solvent was added, shaken
gently with a shaker for 5 minutes. Followed by incubation 12—
24 hours at room temperature in the dark. Absorption was read
with an ELISA reader at a wavelength of 595 nm.

For the cytotoxicity test, the number of viable cells was
counted and compared to controls, taking into account the effect
of variations in sample levels on cell death. Cytotoxicity analysis
used probit analysis to determine the IC, | value of each compound
against each cell. The IC, value is the antilog value when the
probit value is 50. The probit analysis is obtained from converting
the viability percentage to the probit value; the viability percentage
is calculated by the following equation:

OD treatment — OD media control % 100%.

e

% Cell viability =
’ v Y OD cell control — OD media control
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RESULTS AND DISCUSSION

The receptors 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-
propenone and their flavone derivatives are dissolved in a solvent
based on increasing the polarity of solvents such as DMSO and
ethanol in an acidic medium and an alkaline condition with
receptor concentrations of 1-(2,5-dihydroxyphenyl)-3-pyridine-
2-yl-propenone (4.15 x 1072 mmol) and its derivatives such as
flavones (4.18 x 102 mmol) and then diluted 10 times.

Effect of the degree of acidity on color change of receptor
chromophore 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-
propenone

The 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
receptor gives a pale yellow, neutral yellow color in acidic
conditions, whereas in alkaline conditions, it gives a brown color
(Fig. 3). In ethanol, acid receptors give a pale-yellow color, neutral
conditions are yellow, and bases give a pale brown color (Fig. 3).

The difference in color in the DMSO solvent, which is
sharper than the receptor color in the ethanol solvent, indicates
that the compound is more soluble in DMSO. Meanwhile, the
sharper color change with an increasing pH value indicates a
bathochromic shift. The related explanation will be presented in
the following sub-discussion. Figures 4 and 9 are taken from the
original images of our research results, not taking and plagiarizing
from other people’s articles and research.

Effect of solvent on UV spectrum shift 1-(2,5-dihydroxyphenyl)-
3-pyridine-2-yl-propenone

The 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
receptor solvatochromic test was then confirmed with a UV-Vis
spectrophotometer to determine the maximum wavelength of the
receptor in each solvent. Based on the UV-Vis spectra (Fig. 8), it can
be seen that the receptor for 1-(2,5-dihydroxyphenyl)-3-pyridine-2-
yl-propenone has a different maximum wavelength in each solvent
(Table 1). The highest value of the maximum wavelength (A max)
is 365 nm in DMSO solvent and 345 nm in ethanol under acidic,
neutral, and alkaline conditions.

Based on the UV-Vis solvatochromic spectra (Fig. 5), it
can be seen that there is a difference in the maximum wavelength
of the 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
receptor in each solvent (DMSO and ethanol). The difference
in solvent polarity causes a wavelength shift; the more polar the
solvent, the greater the wavelength shift toward bathochromic.
The effect of the solvent on the maximum wavelength value at the
1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone  receptor
was studied by comparing the UV-Vis absorption spectra, where
the resulting wavelength was affected by the use of the solvent.

The highest maximum wavelength value (Amax) was
found in the polar solvent DMSO under alkaline conditions (365
nm), and the lowest maximum wavelength value (imax) was
found in the semipolar ethanol solvent under alkaline conditions
(325 nm). The maximum wavelength in ethanol is smaller than
that in DMSO solvent because ethanol solvent has lower solubility
than DMSO, so the receptor molecules in the solution are few
(compound interactions with solvents in receptors are shown in
Figure 6). This results in minimal interaction between the receptor
and the solvent molecule. Meanwhile, DMSO is a very polar
aprotic solvent that can completely dissolve the receptor, so there

Figure 3. Color change of the chromophore on 1-(2,5-dihydroxyphenyl)-3-
pyridine-2-yl-propenone under DMSO solvent conditions, from left to right:
neutral, alkaline, acidic.

Figure 4. Color change of the chromophore on 1-(2,5-dihydroxyphenyl)-
3-pyridine-2-yl-propenone in ethanol solvent conditions, from left to right:
neutral, alkaline, acidic.

is an interaction between the solvent molecule and the receptor
molecule. This event causes a change in the absorption area of
light energy (Fig. 6). The following is the prediction of compound
interactions in DMSO and ethanol solvents.

Effect of receptor pH in solvent on maximum wavelength shift

The 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
receptor has two maximum wavelengths of 314 and 236 nm,
respectively. However, at different pH conditions, these receptors
experience a shift in wavelength. This is due to differences in the
structures of the compounds due to the influence of the degree of
acidity in the solvent.

Receptor pH variation was carried out by adding HCI or
NaOH to the 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
receptor solution until the desired pH value was obtained. The pH
value used is between a pH value of 3 for acidic conditions and
a pH value of 13 for alkaline conditions. The UV-Vis spectra of
receptor solutions at various pHs are presented in Figure 7.

From Figure 7, it is known that there is a shift in the
maximum wavelength with variations in different pH values. In the
variation of pH 3, the maximum wavelength is in the area 0f 261 nm;
in the variation of pH 6 (neutral), it is in the maximum wave that is at
314 and 236 nm; in the variation of pH 13, the maximum wavelength
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Table 1. Amax values in DMSO and ethanol solvents in neutral,
alkaline, and acidic conditions.

Solvent Condition Zmax
DMSO Neutral (pH 6-7) 314 nm, 4 = 1.54514; and 236 nm,
A=1.70152
NaOH base (pH 10) 365 nm, 4 = 1.80336
Acid HCI (pH 3) 261 nm, 1.76211
Absolute  Neutral (pH 6-7) 249 nm, 4 = 0.40084; and 213 nm,
ethanol A=0.71564
NaOH base (pH 10) 325 nm, 4 = 1.31429
Acid HCI (pH 3) 215 nm, 4 = 1.34849
2 1.70152
1.54514
15
5
g 1
=
_% 0.5 0.40084

200 220 240 260 280 300 320 340 360 380 400
wavelength (nm)

——DMSO ——cthanol

Figure 5. UV-Vis spectra of receptor 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-
propenone in DMSO and ethanol.

is in the area of 365 nm. This difference in maximum wavelength
indicates differences in ion receptors present in the solution that
are affected by varying pH. If it is assumed that the peak intensity
provides information about the receptor in solution, then the peak
intensity of the receptor in neutral conditions, as shown in Figure 7,
will vary depending on the pH of the solution. Assuming that there
is a correlation between the peaks at wavelengths of 314 and 236 nm
and the number of receptors present in the solution, it can be said that
the receptor solution has two Ka values. From this explanation, it can
be concluded that the receptor solution, which also functions as an
acid-base indicator, is a diprotic acid that can give two H™ in solution
(in both DMSO and ethanol solvents) through the ionization process.
In general, the occurrence of the ionization process at the receptor
as diprotic acid is expressed by the following equation, which is
a diprotic acid that can give two H™ in solution (both DMSO and
ethanol solvents) through the ionization process.

H,Y = HY +H"
HY = Y*+H

In its form as an indicator, the equation can be stated as
follows:

H,In = HIn + H*
HIn = In> +H'

In general, the release of H” will decrease the assumed K
value as the pH of the solution increases. The greater the pH value,
the lower the K value. Based on the dissolution of the receptor in
acidic conditions, the following is the calculation of the K value
of the receptor.

Figure 6. Differences in solvent interactions with 1-(2,5-dihydroxyphenyl)-3-
pyridine-2-yl-propenone in solvents: (a) DMSO and (b) ethanol.

1.70152 176211 1.80336
1.54514

Absorbance

200 220 240 260 280 300 320 340 360 380 400

Wavelength (nm)

neutral acid base

Figure 7. UV-Vis spectra of 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-
propenone receptors at various pH in DMSO solvents.

[H= \/Z x [M acidic solvent]
107 = /K, x 0.05M

JK, =5%10-5

K,=7.1x107

Then for K,

[H]= \/K_z x [M acidic solvent]
10 = /K, x0.05M

JK, =5 % 10-18
K,=22x10"

Based on the results of calculating the K value, it can
be seen that the K, value is smaller than K, which proves that the
greater the pH value, the lower the K value. At lower pH values,
protonated receptor species such as H,In and HIn™ will be more
abundant than In>*". Meanwhile, at a higher pH, In>" species begin
to form. Therefore, it can be assumed that with a decrease in the
pH of the solution, the equilibrium will shift toward the formation
of H,In, and at a certain pH value, an equilibrium will be formed
when H_In, HIn", and In*~are also present in one amount at each
equilibrium.
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Based on the equation and Figure 7 regarding the
spectrum of UV-Vis receptors at various pHs, it can be assumed
that in a solution of pH 3, H,In species are dominant, but HIn"
species have started to form. Meanwhile, at pH 6 (neutral), the
concentration of H,In species began to decrease because the
concentration of HIn™ increased in the receptor solution, which was
formed through the first stage of the ionization process. An increase
in pH decreases the concentration of H,In, but an increase in pH
raises the concentration of HIn™. The existence of these two species
is related to the formation of intensity peaks as seen at 261 nm,
namely, at pH 3, there is only one peak; then at 365 nm intensity,
namely, at pH 13, there is also only one peak; in solution 6, there
are two intensity peaks at 314 nm and 236 nm. The formation of
these two intensity peaks indicates that the concentration of H,In
is no longer dominant and has been replaced by HIn species, with
peaks starting to appear at pH 13 (365 nm). Based on the correlation
between the presence of receptor species and the pH of the solution,
it can be assumed that in a solution with a pH of 3, an equilibrium
occurs between H,In and HIn". Whereas at pH 6-7, the absorbance
is almost the same, so it can be assumed that at pH 67, the receptor
is in equilibrium between HIn™ and In*". From this explanation, it
can be concluded that the peak intensity at a wavelength of 261 nm
is associated with the presence of HIn™ and HIn™ species, while the
intensity peak at the receptor wavelength is related to the presence

of HIn™ and In*" species. Besides that, an increase in the intensity of
the peak under alkaline conditions indicates the start of the second
stage of the ionization process with the formation of In*" in solution.
With increasing pH, the concentration of In>" increases, but the
concentration of HIn™ decreases. This can be seen by increasing the
intensity of the peak at 365 nm along with the increased pH of the
solution. Changes in the pH of the solution indicating the presence
of HIn, HIn', and In>" species can be correlated with changes in
the structure of the 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-
propenone receptor, as shown in Figure 8. This can be seen by the
increase in peak intensity at 365 nm along with the increased pH
of the solution.

From Figure 8, it can be seen that there is a change in
the structure of the 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-
propenone receptor. The hydroxyl group that binds to the benzene
ring, 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone releases
H" as the pH of the solution rises. However, it is possible that the
carbonyl and pyridinyl groups do not ionize because the electron
density in this region is very high, making it difficult to release
H". From Figure 8, it can be seen that in 1-(2,5-dihydroxyphenyl)-
3-pyridine-2-yl-propenone, it is possible for two dissociation
processes to occur.

Differences in receptor structure for 1-(2,5-dihydroxyphenyl)-
3-pyridine-2-yl-propenone receptors and their derivatives in
the form of flavones

Figures 4 and 9 are taken from the original images
of our research results, not taking and plagiarizing from other
people’s articles and research. In the process of synthesizing the
1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone derivative
carried out in Andy Eko Wibowo’s research, it will be used as
a starting material to synthesize its derivatives, such as flavone
compounds. The results of the UV-Vis spectrophotometer
analysis showed that there was a difference in the spectra between
the two, and this indicates the formation of a new compound.
To analyze the structure of the compound, the magnitude of this
absorption can be predicted by determining the parent group as
follows:

Figure 10 shows the UV spectrum of 1-(2,5-dihydroxy-
phenyl)-3-pyridine-2-yl-propenone receptor derivative as a fla-
vone (still under prediction). The absorption spectrum shows a
peak at 309.5 nm. The electronic spectrum of flavone receptors
was recorded in solvents with different polarities and hydrogen

0.8863072 0.858179
0.8 0.80703

0.6
0.4

Absorbance

0.2

200 220 240 260 280 300 320 340 360 380 400
Wavelength (nm)

——— 1-(2.5-dihydroxyphenyl )-3-pyridine-2-yl-propenone

= its derivatives as flavones

Figure 9. Appearance of the compound: (a) 1-(2,5-dihydroxyphenyl)-3-
pyridine-2-yl-propenone; (b) its derivatives (flavones).

Figure 10. Differences in the UV-Vis spectrum of 1-(2,5-dihydroxyphenyl)-3-
pyridine-2-yl-propenone with its derivatives such as flavones.
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Figure 11. IR spectrum of derivative compounds as flavones.

bonding abilities. Meanwhile, the absorption spectra for 1-(2,5-di-
hydroxyphenyl)-3-pyridine-2-yl-propenone showed two peaks
(bands I and II). Band I can be detected in the range of 260 nm
and band II at 309.5 nm. As shown in Figure 10, the compound
has two chromophores: the first belongs to the 1-(2,5-dihydroxy-
phenyl)ethanone system, and the other belongs to the 3-(pyri-
dine-2-yl)-acrylaldehyde system. As for the derivative compound,
it only has one chromophore, which is suspected to be a 1-(2,5-di-
hydroxyphenyl)ethanone chromophore.

Structural identification of derivative compounds as flavones

Receptors suspected of being new compounds
(derivatives such as flavone) were analyzed using FT-IR
instruments to determine the structure of the constituent groups.

To determine the clear differences between the flavone
and chalcone derivatives, the FT-IR results were compared with
the IR spectra of the compounds 1-(2,5-dihydroxyphenyl)-3-
pyridine-2-yl-propenone.

The presence of aromatic rings (phenyl and pyridyl)
connected to each other by conjugated a, § carbonyls distinguishes
1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone ~ from its
derivatives such as flavone compounds. Figure 11 shows the
IR spectra of compounds synthesized by derivatives as flavone
compounds, showing a wide OH absorption band at wave number
3,412 cm™. The presence of the OH group is also strengthened by the
presence of the CO band at 1,282.78 cm!, whereas in the compound
1-(2,5-dihydroxyphenyl)-3—pyridine—2-yl-propenone (Wibowo
et al.,2021b) at 1,285 cm™'. The bands that appear at 1,577.49 and
1,471.46 cm™ are characteristic of stretching vibrations of aromatic
C=C bonds, and the bands with weak intensity at around 3,057.85
cm ! are aromatic and olefinic CH stretching vibrations.

However, there is something special about the
compound 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
that distinguishes it from its flavone derivatives. Based on
Figure 11, the IR spectrum of the derivative compound in the
form of flavones has a wide absorption band at a wavelength
of 2,712.15 cm™, indicating the presence of hydrogen bonds in
the carboxylic OH, and a sharp, strong band at a wavelength of

1,139.87 cm™! indicating the presence of bond vibrations in the
CO ether, whereas, in a study conducted by Wibowo (2013),
the band that appeared at 1,651 cm™! was a conjugated carbonyl
ketone absorption band. As a result, it is suspected that the o,
conjugated ketone carbonyls do not exist in the structure of the
derivative compound as a flavone; otherwise, the vibration of the
CO ether bond indicates that the conjugated bond forms a cyclic
on the OH group in the meta position.

This indicates a different structure between the chalcone
compound (1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone)
and the flavone compound. However, both have almost the same
type and characteristics because they are included in the class
of derivative flavonoid compounds. Therefore, the importance
of knowing the properties and characteristics of a compound in
understanding, differentiating, and identifying it in synthesizing
flavonoid derivative compounds is an indicator of success in
analyzing the success of the synthesis of organic compounds in
a study.

Cytotoxic activity in T47D cancer cells using the MTT assay
method

The cytotoxicity test results showed that the compound
1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone has cytotoxicity
against T47D cells. Based on the findings, a direct relationship
existed between changes in functional groups in the compound
1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone and the death
rate of T47D cells was expressed in IC, (lethal concentration). This is
because the OH group on the receptor, which is easily deprotonated,
can determine the cytotoxic activity of the compound, considering
that the O and H bonds in the OH group can rotate and bind to body
cells as inhibitors in T47D cancer cells. In this case, the OH groups
act as proton donors and body cells as hydrogen acceptors released
by receptor compounds. Table 2 shows the cell viability value of the
cytotoxic activity of receptor compounds.

The compound 1-(2,5-dihydroxyphenyl)-3-pyridine-2-
yl-propenone is declared nontoxic if the result of the calculation
using the viability formula for the percentage of living cells is
>60%. Based on Table 2, the compounds 1-(2,5-dihydroxyphenyl)-
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Table 2. MTT assay test results.

- Con(flel;tr;:ltion Concentration Absorbance Cell viability (%)
g/ml) logs oD, oD, OD,  Average v, v, v, Average

1 62.5 1.80 0475 0480 0470 0475 8449 8522 8317 8420
2 125 2.10 0385 0448 0400 0411 6612 7868 6887 7112
3 250 2.40 0.113 0106 0101 0107 1061 879 777 8.92
4 500 2.70 0.073 0075 0077 0075 245 245  2.86 2.45
5 1,000 3.00 0.081 0.079 0.081 0.080 4.08 3.27 3.68 3.54
6 Media control 0.551 0.552  0.554 0.552

7 Cell control 0.061 0.064 0.064 0.063

100.00
~ 80.00
X
> 60.00
Z y =-0.0771x + 63.924
g 4000 R = 0.5357
g 00 245 .
© o000 »
20,0025 197.5 3325 4675 602.5 737.5 8725
' concentration (ug/mL)

Figure 12. Linear regression of T47D cell viability for 24 hours.

3-pyridine-2-yl-propenone with concentrations of 125 and 62.5 ug/
ml showed weak toxicity to T47D cancer cells. However, on the
contrary, that compound with a concentration of >125 ug/ml and a
viability value of >60% showed toxicity in T47D cancer cells.

The toxicity test was assessed based on the percentage
of cell viability and the IC value obtained from three repetitions
of the percentage of viability measurements. They were then
subjected to probit analysis with a linear regression equation,
as shown in Figure 12. Then, the concentration of that receptor,
which inhibits cell growth by 50% (IC,), is 180.59 ug/ml. I1C, >
150 indicates weak toxicity to T47D cancer cells.

CONCLUSION

1-(2,5-Dihydroxyphenyl)-3-pyridine-2-yl-propenone
receptor showed darker color changes with increasing acidity,
whereas different solvents showed a bathochromic shift in the
aprotic solvent, namely, DMSO. UV-Vis spectrum analysis of
the receptor 1-(2,5-dihydroxyphenyl)-3-pyridine-2-yl-propenone
and its derivatives such as flavones showed a difference in the
maximum wavelength with the number of 2 peaks (260 and 309.5
nm, respectively) and 1 peak (309.5 nm). Based on the analysis
of the target receptor’s IR spectrum, derivative compounds such
as flavones were successfully formed; absorption bands indicated
the presence of missing structural groups at a wavelength of 1,651
cm! (specific groups in the starting material compound), and the
appearance of new absorption bands (2,712.15 and 1,139.87 cm™!)
showed a specific group of flavone derivatives.
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