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ARTICLEINFO ABSTRACT

Keywords: Breast cancer is a serious disease that occurs in women and contributes to the highest mortality
Breast cancer; compared to other types of cancer. This study aims to synthesize curcumin analog compounds
Curcumin analogs; ((3E,5E)-1-benzyl-3,5 bis (3 (benzyloxy)benzylidene) piperidin-4-one), test them in vitro against
Molecular coding; various breast cancer cells (T47D, HER-2, MCF-7, and 4T1) and normal cells (vero cells), and study
MTT assay; their molecular docking. Synthesis was carried out by reacting 3-benzyloxybenzaldehyde with N-
3ERT benzyl-4-piperidone catalyzed by 5% KOH at room temperature; in vitro testing was carried out

using the Microculture Tetrazolium Technique Assay method, ADMET analysis with an online
database server, and molecular docking studies in Autodoc Vina. The synthesis results obtained
yellow solid powder with a yield of 65.85%, characterization with TLC gave black fluorescence (Rf
0.63), melting point 114-1160C, TLC scanner one peak (100%), retention time 0.65 minutes, 1H
&13C-NMR analysis showed the molecular formula CsoH3sNOs, moderate activity against 4T1
breast cancer cells and inactivity on T47D, HER-2, and MCF-7 cancer cells, and did not show
cytotoxicity to normal cells (vero cells). ADMET predictions from Lipinski's five rules contained
two parameters that did not meet, namely molecular weight and log P value. Molecular docking
studies were carried out on estrogen receptor protein (ER)-a (PDB ID: 2ERT), which showed a

History: binding affinity energy of -8.7 kcal/mol and -7.1 kcal/mol of the native ligand. Further research and
¢ Received - 19 Nov 2024 development is needed on synthetic curcumin analog compounds to increase their activity value
¢ Revised - 18 Dec 2024 against breast cancer by paying attention to Lipinski's five rules to obtain compounds with better
¢ Accepted - 18 Dec 2024 potential activity and ADMET.

Introduction

Globally, breast cancer is the most common type of cancer and contributes to the highest mortality in women compared to
other types of cancer (Flint et al., 2022). Factors for a woman to be diagnosed with breast cancer occur at an advanced age,
are monophause, have dense breast tissue, are not breastfeeding, have a history of hormone therapy and radiation therapy in
the chest, and have BRCA 1/2 gene mutations (Trayes & Cokenakes, 2021; Hong & Xu, 2022). Breast cancer treatment
strategies are highly dependent on the molecular subtype and involve multidisciplinary (Smolarz et al., 2022). Some
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treatments for breast cancer include surgery, radiation, chemotherapy, or a combination of these. However, these actions can
cause side effects such as nausea, drug resistance, cytotoxicity, recurrence, and decreased quality of life, which are
considered suboptimal for treating it (Praseetha et al, 2022). Although there is continuous progress in detection and
treatment, it has not yet provided a significant increase in reducing mortality rates, so it is necessary to find new therapy
methods as well as predictive and prognostic factors (Smolarz et al., 2022).

Breast cancer is characterized by pathological heterogeneity, gene expression, genomic changes, and tumor
microenvironment, which affect clinical and treatment responses. Classic parameters are histopathology, tumor size and
grade, nodal involvement, and marker expression used for treatment and are generally imperfect, especially in advanced
breast cancer conditions resulting in resistance and worsening health conditions. Therefore, potential active compounds are
needed that provide a positive therapeutic response and provide better treatment optimization (Nolan et al., 2023). The
acquisition of potential active compounds in breast cancer treatment can be sourced from natural materials (Baraya et al,,
2016; Wang et al,, 2019; Gurning et al.,, 2024; Haryadi et al,, 2024) and synthetic results (Mbese et al., 2019; Barbosa and
Martel, 2020; Song et al.,, 2021). One of the active compounds sourced from natural materials and potential is curcumin (Song
et al, 2019) and various synthesized analogs to increase treatment activity and study the side effects caused (Mbese et al.,
2019; Fabianowska-Majewska et al., 2021;). Based on the description above, this study aims to synthesize N-benzyl-4-
piperidone analog curcumin and test its potential activity as an anti-breast cancer agent using the MTT test method and
molecular docking studies.

Materials and Methods

Synthesis of (3E,5E)-1-benzyl-3,5 bis(3 (benzyloxy)benzylidene)piperidine-4-one) curcumin analog

15.4 mmol of 3-benzyloxybenzaldehyde was reacted with 7 mmol of N-benzyl-4-piperidone derivative. Ethanol as much as
10 mL was added to the mixture and then stirred at room temperature for 20 minutes. 5% KOH catalyst was added as much
as 2 mL dropwise. The mixture was stirred with a magnetic stirrer or sonicated at room temperature until the product was
formed. The reaction was monitored using TLC. The solid obtained was filtered using a Buchner funnel, then washed with
cold ethanol and cold distilled water. The solid was dried and stored in a desiccator. The synthesis results were analyzed for
purity by TLC, and melting point tests were carried out. The synthesis products were characterized using FTIR, GC-MS, and
1H-NMR and 13C-NMR instruments.

ADMET prediction

Prediction of adsorption, distribution, metabolism, excretion, and toxicity (ADMET) was carried out through the SwissADME
online site (http://www.swissadme.ch/index.php), and ProTox-3.0: Prediction of TOXicity of Chemicals
(https://tox.charite.de/protox3/) by entering the SMILES (Simplified Molecular Input Line Entry System) code of the
synthesized curcumin analogues drawn using ChemDraw 15.0 (Chunaifah et al., 2024).

Molecular docking study

The protein used was obtained from the results of the approach by referring to previous research with PDB ID code 3ERT
(Shah et al, 2022). The protein structure and standard ligand were prepared using Autodock tools. Curcumin analog
compounds and curcumin guide compounds were modeled and optimized using GaussView 5.0 software. Molecular docking
simulations were performed using Autodock Vina. The parameters reviewed in molecular docking were affinity energy
(increasingly negative values indicate higher stability), RMSD value (<2.00 A), and interaction between ligand and receptor
protein. Interaction analysis of the most stable conformation was visualized using BIOVIA Discovery Studio 2019 Client
software (Puspitasari et al., 2020; Astuti et al., 2021; Haryadi and Pranowo, 2023).

Cytotoxicity test using the MTT method

The cytotoxicity test was carried out using the MTT method. The test solution of 100 uL was suspended with 100 pL of cells
in RPMI 1640 medium. 10% FBS and 1% penicillin-streptomycin were added to the mixture and then put into a 96-well
microplate. T47D, HER-2, MCF-7 and 4T1 cancer cells were incubated for 24 hours in a 5% CO2 incubator at 37°C. Samples
were put into the plate with varying concentrations of 500; 250; 125; 62.5; 31.25; and 15.625 pg/mL. The samples were then
incubated in the incubator for 24 hours. After incubation, the cell media was discarded and washed with PBS, and then 110
uL of MTT reagent was added to each well, including the media control. The cells were incubated again for 4 hours in a CO2
incubator. After the formation of formazan marked by the appearance of purple color, 10% SDS solution in 0.01 N HCI in as
much as 100 puL was added and incubated again in a dark place at room temperature for 24 hours. The absorbance in each
well was read with an ELISA reader at a wavelength of 595 nm. The ICso value and selectivity index of the compound can be
calculated based on the absorbance obtained (Sismindari et al., 2004; Puspitasari et al., 2020).

Results and Discussion

Synthesis of (3E,5E)-1-benzyl-3,5 bis (3 (benzyloxy)benzylidene) piperidine-4-one) curcumin analog

Curcumin analogue (3E,5E)-1-benzyl-3,5 bis (3 (benzyloxy)benzylidene) piperidine-4-one) was formed by reacting N-
benzyl-4-piperidone and 3-benzyloxybenzaldehyde compounds through electrophilic substitution reaction under alcoholic
base conditions. Electrophilic substitution reaction was carried out on two moles of aldehyde groups sourced from 3-
benzyloxybenzaldehyde compound and nucleophilic source from N-benzyl-4-piperidone. The reaction took place with the
formation of two moles of water (H20) as a by-product (Fig-1). The compound in the form of yellow solid powder was
characterized using a TLC scanner and obtained one peak (100%), retention time 0.65 minutes, and molecular formula
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weight C40H3sNO3 (577.71 g/mol). The resulting melting point of 114-116°C with black fluorescence was observed under UV
light 254 nm and 366 (Rf 0.63) with eluent n-hexane: ethyl acetate (12:5) (Fig-2). The synthesis product of curcumin analog
was further analyzed by structure using FT-IR and NMR.
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Fig-1. Synthesis reaction of (3E,5E) -1-benzyl-3,5 bis (3 (benzyloxy)benzylidene) piperidine-4-one) curcumin analogue

(b)

Fig-2. Compound (3E,5E)-1-benzyl-3,5 bis (3 (benzyloxy)benzylidene)piperidine-4-one) curcumin analogue; (a) synthesis product and (b)
observation by TLC.
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Fig-3. Structural analysis of the compound (3E,5E)-1-benzyl-3,5 bis(3 (benzyloxy)benzylidene) piperidine-4-one) curcumin analogue; (a) FT-IRKBr,
(b) 1H-NMR, and (c) 13C-NMR.

FT-IRKBr analysis using KBr plate showed absorption of aliphatic C-H functional groups (3029 cm-1), C=0 ketone (1668
cm-1), C=C alkene (1577 cm-), aromatic C=C (1450 cm-), C-O methoxy (1157 cm-1), aliphatic C-N (1203 cm-1), and the
pinprint area of 732 cm-! and 688 cm-! confirmed the presence of absorption of aromatic compound functional groups (Fig-3
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(a)). 1H-NMR analysis (500 MHz, CDCls) & 3.67 (s, 3H, -CH3), § 3.81 (s, 4H, -CH2-), 6 5.05 (s, 4H, Ar-CHz2-0-), § 6.97-6.94 (m,
18H, Ar-H), § 7.45-7.16 (m, ] = 2 Hz, 5H, Ar-H), § 7.75 (s, ] = 2 Hz, 2H, Ar-CH=C-) (Fig-3 (b)). 13C-NMR (100 MHz, CDCI3) &§
54.55 (2 C), § 61.69 (1C), § 70.22 (2C), 6 115.97 (2C), § 116.47 (2C), § 123.38 (2C), § 127.53 (1C), § 127.60 (4C), § 128.25
(2C), 6 128.50 (2C), § 128.82 (4C), § 129.10 (2C), 6§ 129.68 (2C), § 133.70 (2C), & 136, 53 (2C), 136.69 (2C), 136.86 (2C), §
137.44 (1C), 6 158.85 (2C), § 187.87 (1C) (Fig-3 (c)).

Cytotoxic testing of breast cancer cells

The curcumin analog compound (3E,5E)-1-benzyl-3,5 bis (3 (benzyloxy)benzylidene) piperidine-4-one) formed was
tested for anti-breast cancer activity in vitro against T47D, HER-2, MCF-7, 4T1 cancer cells, and vero cells (normal cells). The
type of HER2 breast cancer cells is a type of triple-negative breast cancer (TNBC) that overexpresses receptors in the cell
nucleus (Nufiez et al, 2016), including the subtitle of breast cancer that over-amplifies genes, causing aggressive
proliferation, increased cancer cell invasion, and metastasis (Meiyanto et al., 2021). The type of 4T1 cancer cells is a model of
breast cancer cells with primary tumors in the breast but have experienced metastasis (Subramanian et al., 2015; Yang et al,
2020). The type of MCF-7 cancer cells that express estrogen receptors (p53+ and ER+), while the type of T47D cancer cells
that express receptors (mutant p53 and ER+) (El-Masry et al,, 2019). NCI groups the category of anticancer activity based on
the ICso value into three groups, namely ICso < 20 pg/mL, the high activity category; ICso values between 200 and 100 pg/mL,
including the moderate category; and ICso values > 100 ug/mL, including inactive as an anticancer (Widiandani et al., 2023;
Zulkipli et al., 2024). The anticancer activity test of the compound showed better activity with a moderate category against
4T1 cells (ICso 203.05 + 0.76 pg/mL) and did not show toxicity to normal cells (vero cells) (ICso 190648.40 + 1.45 pg/mL),
while against other breast cancer cells (HER2, MCF-7, and T47D) did not show anticancer activity (inactive category) and
against normal cells did not show toxicity (inactive category). The selectivity index of the synthesized compound against all
types of breast cancer cells showed high selectivity because all had a selectivity index value > 6 (Sancha et al., 2023).
However, this curcumin analog compound has more potential for use in 4T1 cancer cells because it shows anticancer activity
in a moderate category. When compared with drugs commonly used as anticancer (doxorubicin), it does not show equivalent
activity where doxorubicin has very potential as an anticancer, as shown by the ICso value, which is relatively much smaller
than the ICso of the synthetic curcumin analog compound. However, the selectivity value of doxorubicin is better on T47D
and HER-2 cancer cells when compared to the selectivity against MCF-7 and 4T1 cells; this also confirms that doxorubicin
also shows poor toxicity to normal cells. Testing the activity of the synthetic curcumin analog compound against various
breast cancer cells is shown in Table 1.

Table 1. Testing the activity of the compound (3E,5E)-1-benzyl-3,5 bis (3 (benzyloxy)benzylidene) piperidine-4-one) curcumin analog against
various breast cancer cells.

Samples VERO cell T47D cell HER-2 cell MCEF-7 cell 4T1 cell
1Cso 5 1Cso 5 1Cso 5 1Cso 5 1Cso0 5
R R SI R SI R SI R SI
(ug/mL) (ug/mL) (ug/mL) (ng/mL) (ng/mL)
Compound  190648.40 0.9577 603.50 0.9499 316.08 2527.67 0.4542 7543 819.46 0.9574 232.58 203.05 0.9951 938.13
+1.45 +0.57 +0.58 +0.68 +0.76

Doxorubicin 17.97  0.9962 0.35 0.781 51.34 0.02 09868 898.5 28.63 09876 0.63 6.51 0.8868  2.76
+0.01 +0.04 +0.01 +0.02 +0.01

ADMET predictions

Absorption, distribution, metabolism, excretion, and toxicity (ADMET) are important parts that cannot be ignored before
being tested in the clinical phase. A good and quality drug candidate must have efficacy against the therapeutic target and
show the appropriate ADMET properties at good therapeutic doses (Guan et al,, 2019). ADMET has an important role in
studying and determining its pharmacokinetic and toxicity properties. Drug similarity is used in predicting the
pharmacokinetics and safety of drugs before clinical trials. This prediction was first proposed in 1997 with an oral
absorption system and must meet Lipinski's five rules (Jia et al., 2020). ADMET prediction of compound (3E,5E)-1-benzyl-3,5
bis(3 (benzyloxy)benzylidene)piperidine-4-one) curcumin analogue using available database sites as follows: molecular
formula C0H3sNO3, molecular weight 577.71 g/mol, H-bond acceptor 4, H-bond donor 0, TPSA 38.77A2, log Po/w 6.91, log S
-8.73, BBB permeant no, Lipinski no, bioavailability score 0.17, LD50 1000 mg/kg, and predicted toxicity class 4. The ADME
rules set by Lipinski are that large drug-like molecules have log P <5, molecular weight <500, number of hydrogen bond
acceptors <10, and number of hydrogen bond donors <5 (Rashid, 2020). Based on these rules, it shows that the curcumin
analog compound has two parameters that do not meet, namely molecular weight and log P value. Curcumin analog
compounds may have poor bioavailability. Based on the toxicity value given, it shows good and does not penetrate the
permeable layer of the brain barrier, a relatively low lethal dose, and is included in class 4.

Molecular docking study

The interaction of the compound (3E,5E)-1-benzyl-3,5 bis (3 (benzyloxy)benzylidene) piperidine-4-one) curcumin analog
was carried out on the estrogen receptor protein (ER)-a (PDB ID: 3ERT). The estrogen receptor protein (ER)-a is mediated
by genomic estrogen signals, has an important role, and is responsible for the proliferation of estrogen-stimulated cells in the
development of ER-positive breast cancer. In addition, estrogen proteins and their receptors (ER) play an important role in
the development of malignant breast cancer, regulating various transcription genes that bind estrogen response elements
(EREs) upstream of target genes. The molecular docking interaction of curcumin analog compounds with estrogen receptor
(ER)-a protein and native ligand is shown in Fig-4. Curcumin analog compounds have a binding affinity energy of -8.7
kcal/mol with van der Waals interactions with amino acid residue. arbon hydrogen bonds with amino acid residue Leu82,
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carbon hydrogen bonds with amino acid residue Gly85, Pi-Pi T-shaped with amino acid residue Trp55, Pi-Pro101, andith
amino acid residues Pro19, Met52, Prthe prosetine21, while the native ligand against prosetin receptor has a binding affinity
energy of -7.2 kcal/mol and Arg89;en bond interactions with acid residue Arg89, van der Waals bonds Gly85, Glu48, Pi-Anion
Glu18, Pi-Sigma Ile21, and Pi-Alkyl with Trp88, Arg89.

o
=
o

Interactions
[2] von der vials I P Tshoped
7] Carbon rogen Bond [ Pl

[ #caton

Fig-4. 2D Molecular docking interaction of estrogen receptor (ER)-o protein with (a) compound (3E,5SE)-1-benzyl-3,5 bis (3 (benzyloxy)benzylidene)
piperidine-4-one) curcumin analogue, and (b) compound 4-hydroxytamoxifen (native ligand).

The 4-hydroxytamoxifen compound is a common nonsteroidal antiestrogen used for the treatment and prevention of
breast cancer in estrogen receptor positive (ER+) patients (Lin et al., 2020). This compound interacts with certain selective
serotonin reuptake inhibitors (SSRIs) used to prevent hot flashes formed by the CYP2D6 enzyme (Jordan, 2007; Siqueira et
al,, 2021). However, long-term use of this drug can cause drug resistance, recurrence, and death, so its long-term use is not
recommended and does not provide any effect on breast cancer in estrogen receptor negative (ER-) patients (Lin et al,
2020). Interestingly, the results of the molecular docking study of curcumin analog compounds with native ligands showed
that the synthetic curcumin analog compounds showed more negative binding affinity energy than native ligands, indicating
better structural stability. However, the activity given to breast cancer cells is still relatively weak (4T1 cancer cells) or even
inactive in other cells. This indicates that structural modification is needed to increase its anticancer activity. The results of
the synthesis of this curcumin analogue require further research and development in modifying the structure to increase
activity against breast cancer.

Conclusion

The compound (3E,5E)-1-benzyl-3,5 bis (3 (benzyloxy)benzylidene) piperidine-4-one) curcumin analogue was successfully
synthesized and tested in vitro against various breast cancer cells and provided low activity against 4T1 cells, was inactive
against MCF-7 T47D and HER-2 cancer cells, and did not show cytotoxicity against normal cells (Vero cells). The activity
provided has not been able to overcome the commonly used drug compound (doxorubicin) as a breast cancer drug.
Molecular docking studies of estrogen receptor (ER)-a protein showed lower binding affinity energy compared to the
original ligand (4-hydroxytamoxifen), and this indicates that the synthetic curcumin analog compound shows better
molecular bond stability compared to the original ligand. Further development is needed to improve better activity against
breast cancer treatment.
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