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Cancer therapy through conventional chemotherapy has been widely applied,;
however, one of the main disadvantages of chemotherapy is the non-selective
targeting of cancer cells which causes various adverse side effects. The
development of drug delivery agents that are more selective and effective in
cancer therapy needs to be performed so that the drugs have a therapeutic effect
and minimize side effects. In this study, the compound C-
phenylcalyx[4]resorcinarene epoxide (CFKRE) has acted as a drug delivery agent
because it can form host complex interactions with ligands. The CFKRE
compound was synthesized through two reaction steps: the condensation and
alkylation reactions of the epoxide. The structure was analyzed using FTIR, 'H-,
and BC-NMR spectrophotometers and then tested for in vitro cytotoxicity using
the MTT assay. The results showed that 70% yield of CFKRE was obtained.
Molecular docking analysis of CFKRE compounds against PDGFR and EGFR
proteins showed high binding energy compared to conventional
chemotherapeutic agents. Molecular dynamic studies showed that CFKRE
compounds could form a host-ligand complex with a -350.4 kcal/mol binding
energy. Cytotoxic assay of CFKRE compound against MCF-7 breast cancer cells
and Vero cells gave ICs values of 4.04 and 29.59 pg/mL, respectively. These
results indicated that CFKRE compounds are not toxic and have the potential to
be utilized as new candidates for drug delivery agents.

1. Introduction

Cancer is a disease with a high incidence rate globally
and is still a serious health problem today. Data from the
Global Cancer Observatory in 2020 showed that the most
common cancer cases in Indonesia were breast cancer,
16.59% of 396.914 cancer cases. Approximately 90% of
cancer deaths are caused by metastatic mechanisms [1].
One of the properties possessed by cancer cells is the low
level of apoptosis, which causes cells to continue to divide
and not be controlled actively. Control of apoptosis plays
an essential role in cancer treatment strategies [2].
Cancer treatment is tailored to the target cancer cells.
Cancer treatments using radioactivity and surgery are
applied to cancer cells that do not easily spread to
surrounding normal cells, while chemotherapy is used for
cancer that spreads quickly [3]. Conventional

chemotherapy works by inhibiting mitosis and
interfering with the DNA synthesis of cancer cells. Since
chemotherapy agents are usually non-selective, they can
damage healthy tissue and cause various side effects [4].
Chemotherapy has short-term side effects such as
fatigue, alopecia, musculoskeletal pain, neurocognitive
dysfunction, and  chemical-induced  peripheral
neuropathy.

On the other hand, long-term side effects may
include cardiomyopathy, neurocognitive dysfunction,
psychosocial effects, secondary cancer, premature
menopause, and cardiovascular disease [5]. Several
chemotherapy drugs are alkylating agents, topoisomeric
inhibitors, antimetabolites, antibiotics, mitotic spindle
inhibitors, and tyrosine kinase inhibitors [6]. Anticancer
drugs that have been widely applied in the medical world
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include cisplatin, fluorouracil, doxorubicin,
mercaptopurine, and methotrexate. Doxorubicin is an
example of a chemotherapeutic agent belonging to the
category of topoisomer II inhibitors [7]. The use of
doxorubicin can cause resistance because it can induce
over-expression of P-glycoprotein (P-gp), which causes
efflux of chemotherapy drugs from the cell.

The development of chemotherapy drugs is an effort
to overcome anticancer drug resistance. Protein tyrosine
kinase (PTKS) is an intermediate in cell signaling
pathways that control cell growth and apoptosis. Several
pathological disorders, including unregulated cell
proliferation, are caused by altered protein tyrosine
kinase function [8]. Tyrosine kinase inhibitors can be
considered anti-angiogenesis targets and applied as
models in  developing new compounds of
chemotherapeutic drugs. The PDGEFR receptor protein is
directly involved in the survival of cancer cells, especially
at the proliferative stage. Protein tyrosine kinase
inhibitors such as imatinib can block Platelet-Derived
Growth Factor (PDGFR) activity [9]. In addition, other
protein tyrosine kinases, such as Epidermal Growth
Factor Receptor (EGFR), can influence tumor growth,
including metastasis, angiogenesis, proliferation, and
inhibition in the process of apoptosis [10]. The tyrosine
kinase inhibitor erlotinib can inhibit the activity of the
EGFR protein. The search for new compounds as protein
tyrosine kinase inhibitors can be studied by standard
inhibitors binding (imatinib and erlotinib) to protein
tyrosine kinases.

The development of drug delivery agents to target
cancer cells increases the binding affinity of
chemotherapy drugs with drug delivery agents, resulting
in the effectiveness of chemotherapy. The drug delivery
system controls drug release to target cells [11]. Drug
delivery provides a pH response to normal and unhealthy
tissues, such as cancer cells which have a slightly acidic
pH than normal tissue and blood [12]. The pH-response
of drug delivery is indicated by the conjugate drug
delivery, which is hydrolyzed at an acidic pH resulting in
the release of drug bound to drug delivery [11, 13]. Drug
release from conjugated drug delivery by a pH gradient is
caused by changes in the hydrophobic and hydrophilic
balance; hence, the drug structure's hydrophobicity and
drug delivery affect drug release. Not all drugs have an
excellent binding affinity for drug delivery. Therefore, to
improve the binding affinity of drug-drug delivery,
macrocyclic compounds calix[4]arene and cyclodextrin
[14, 15] can be used.

Many studies have been carried out on
calixresorcinarene as a drug delivery agent. Calix-platin
compound, namely the platinum-calixarene complex,
has been tested for its anticancer activity and has shown
effective anticancer activity, especially against human
non-small cell lung cancer cells [16]. Mo et al. [17] have
synthesized a compound p-phosphonate calix[4]arene
vesicle (PCV) supplemented with paclitaxel (PTX) and
conjugated with a ligand bound polyethyleneglycol
(PEG)-folic acid.

Calix[4])arene and its derivatives are molecules
useful in the pharmaceutical field for chiral molecular
differentiation, drug delivery, diagnostics, and disease
therapy [18]. Research on calix[4]arena as an anticancer
has been studied. The anticancer activity of calix[4]arene
derivative compounds is due to the geometric shape that
canactasadrug delivery agent by forming complexes [19,
20]. The macromolecular compound calix[4 Jarene and its
derivatives have activity as drug delivery agents through
the cancer net conformation. Drug delivery agents in the
form of a cancer net conformation will more selectively
attack cancer cells to be safe for normal cells. The more
selective the drug delivery agent, the more the inhibitory
potential on cancer cells will increase.

In this research molecular docking approach has
been conducted on calix[4]resorcinarene epoxide
compounds  to study the  interaction of
calix[4]resorcinarene epoxides with protein tyrosine
kinases. Molecular dynamic studies were also performed
to determine the interaction of calix[4]resorcinarene
epoxide with ligands or drugs. The synthesis of C-
phenylcalix[4]resorcinarene epoxide was carried out in
two reaction steps: the condensation reaction and the
alkylation of the epoxide. The synthesized compound C-
phenylcalix[4]resorcinarene epoxide was analyzed for its
structure using  FTIR, H- and 3C-NMR
spectrophotometer, and cytotoxicity was tested using the
MTT assay with doxorubicin as a positive control against
MCF-7 breast cancer cells and normal cells.

2. Methods

Several methods used in this research were
molecular docking, molecular dynamic studies, synthesis
of C-phenylcalix[4]resorcinarene, and synthesis of
C- phenylcalix[4]resorcinarene epoxide, and cytotoxic
assay.

2.1. Materials and Instrumentations

The tools used were a reflux device, hotplate,
magnetic stirrer, digital balance, measuring cup,
dropper, spatula, filter paper, and a glass funnel. Some of
the molecular docking software were Chimera 1.13.1,
AutoDockTools-1.5.6, Gaussian 5.0, and Discovery Studio
2017 R2. The materials used in this study consisted of
synthetic materials, such as resorcinol, benzaldehyde,
37% (w/v) hydrochloric acid, 98% ethanol (Sigma-
Aldrich, USA), n-hexane, ethyl acetate, epichlorohydrin,
sodium hydroxide, methanol, and distilled water. On the
other hand, the molecular docking study used PDGFR and
EGEFR receptor protein data with PDB ID: 1T46 and 1M17,
respectively.

2.2. Experiment
2.2.1. Molecular Docking

Molecular docking was conducted by preparing
protein tyrosine kinases bound to standard ligands.
Optimization of the structure of the test compound was
performed using the Gaussian program. The standard
ligand is re-docked to the protein that has removed the
standard ligand in the molecular docking validation stage.
The analysis results will show the value of the docking
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compound's Root Mean Square Distances (RMSD), which
can be compared with the reference. The docking of the
compound C-phenylcalix[4]resorcinarene epoxide to the
protein, which had its standard ligand removed, was
employed using the AutodockTools-1.5.6 program.

2.2.2. Molecular Dynamic Studies

The molecular dynamics study aimed to determine
the interaction between the drug (imatinib) and the host
(CFKRE) in creating the host-guest complex. The host-
guest complex was designed by manually docking the
guest through the ring and optimized using Gaussian 09
at the molecular mechanic level. The complex structure
was further optimized at the B97D/6-31G (dp) level. The
optimization results were followed by molecular dynamic
studies with controlled electrostatic potential charge
adjustments using the RE.D server. The force field
parameters were determined using ANTECHAMBER and
PARMCHK and then solvated using the TIP3P water model
periodically with a minimum 30.0 water shell around the
complex to ensure that the system would not interact
with its periodic image.

2.2.3. Synthesis of C-phenylcalix[4]resorcinarene

Resorcinol (1.10 g; 10 mmol) and benzaldehyde
(1.06 g; 10 mmol) were transferred to a three-neck flask
equipped with reverse cooling and magnetic stirrer and
dissolved in 98% ethanol (25 mL). After the two reagents
were dissolved, 37% HCI (1 mL) was added dropwise. Then
the mixture was stirred and refluxed at 78°C for 8 hours.
The mixture was then cooled to room temperature. The
solid formed was filtered and washed with
ethanol:distilled water (1:1) until it reached a neutral pH.
The product was dried in a vacuum desiccator and then
tested by TLC and characterization by FTIR, 'H-, and B3C-
NMR.

2.2.4. Synthesis of C-phenylcalix[4]resorcinarene
epoxide

The compound C-phenylcalix[4]resorcinarene (1.00
g;1.26 mmol) was dissolved in ethanol (10 mL) and added
with 3 M NaOH (6 mL). The mixture was heated at 60°C.
Next, epichlorohydrin (1 mL) was added dropwise for 1
hour and heated at 80°C for 4 hours. The mixture was then
cooled to room temperature, filtered, and washed with
distilled water. The solids were then dried in a vacuum
desiccator and characterized by FTIR, H-, and 3C-NMR.

2.2.5. Cytotoxicity assay

The cytotoxicity assay aimed to determine the
cancer-net cytotoxic effect of C-
phenylcalix[4]resorcinarene epoxide on cell viability
using the MTT assay. MCF-7 cells (100 pL) with a density
of 10,000 cells/mL were distributed into 96 well-plate
wells containing DMEM with 10% FBS and incubated for

2/ hours. Next, the concentration series of the test sample
was added to the 96 well-plate wells. The mixture was
incubated for 24 hours in a CO. incubator. After
incubation, cells were washed with PBS solution and
added 0.5 mg/mL (100 pL) MTT solution. After
completion of incubation, 10% SDS stopper solution in
0.01 M HCI (100 pL) was added to dissolve the formazan
MTT. The amount of MTT formazan formed was
determined by measuring the absorbance with an ELISA
reader at 595 nm.

2.2.6. Analysis Method

Validation of molecular docking of CFKRE
compounds as protein tyrosine kinase inhibitors was
evaluated from the results of the docking scores, which
included binding energy and RMSD values of CFKRE
compounds to PDGFR and EGFR proteins. The percentage
of viable cells (% viability of cells) was calculated using
the equation % viability of cells = ((absorbance
treatment-absorbance control media)/(absorbance
control cells-absorbance medium)) x 100%. The ICso
value was determined from a linear line equation formed
from the data on the percentage of cell viability for each
of the test compound concentration logs.

3. Results and Discussion
3.1. Analysis of Molecular Docking

The imatinib ligand attached to the PDGFR protein
gave binding energy of -8.06 kcal/mol and an RMSD value
of 0.48 A. On the other hand, the erlotinib ligand attached
to the EGFR protein has a binding energy of -3.04
kecal/mol and an RMSD value of 1.81 A. The AutoDock
experimental parameters were entirely accurate, with an
RMSD value of less than 2 A. The binding pose of the
imatinib ligand to the PDGFR protein occurred at the
amino acid residues of Asp810 and Cys673 through
hydrogen bonds. In contrast, the erlotinib ligand was
bound to the EGFR protein through the amino acid
residue Met769 (Figure 1).

Molecular docking of doxorubicin and CFKRE
compounds was performed using the analysis results of
the imatinib ligand binding site to the PDGFR protein. All
compounds were arranged to have the same position as
the imatinib ligand and docked to the PDGFR protein.
Doxorubicin and CFKRE docking scores on PDGFR
protein, respectively, showed the lowest binding energies
of -3.45 A and +3680.16 kcal/mol with RMSD values of
2.97 and 3.36 A, respectively (Table 1). Based on the
docking score, CFKRE compounds have higher binding
energy than imatinib and doxorubicin ligands, so it is
possible that CFKRE compounds do not act as an inhibitor
of PDGFR protein.
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Figure 1. Visualization of ligand docking hydrogen bonds with protein amino acid residues (a) imatinib and (b) erlotinib

Table 1. Results of docking with PDGFR

Types of Binding

Binding Energy
Compounds (kcal/mol) Bonding Interaction RMSD (&)
Imatinib -8.06 Hydrogen Cys673(1897) o
Bonding  Asp810(1.912)
Arg791(2.011)
- B Hydrogen
Doxorubicin 3.45 Bonding Asp810 2.97
(2.464)
CFKRE +3680.16 Unfavorable 0 3.36
Bump
Table 2. Results of docking with EGFR
Binding Energy Types of Binding RMSD
Compounds (kcal/mol) Bonding Interaction A)
L B Hydrogen
Erlotinib 3.04 Bonding Met769 (1.804) 1.81
. B Hydrogen  Met769 (1.812)
Doxorubicin 5.49 Bonding Lys721(1778) 1.57
Hydrogen Lys692(2.202)
CFKRE . : .
+300.54 Bonding  Lys7os(2549) %

The CFKRE compound bound to the EGFR protein had
a higher binding energy value than the erlotinib and
doxorubicin ligands. The docking scores of doxorubicin
and CFKRE compounds against EGFR protein showed the
lowest binding energies were -5.49 and +300.54 kcal/mol
with RMSD values of 1.57 and 4.34 A, respectively, as
presented in Table 2. The CFKRE compound did not
interact with EGFR protein when docked (Unfavorable
Bump) due to its high binding energy value. The bond was
weak and indicated that this compound had no activity as
an inhibitor of EGFR protein. Visualization and pose of
CFKRE compound binding to EGFR protein are shown in
Figure 2.

The interactions of CFKRE compounds with proteins
are not only hydrogen bonds but also Van der Waals, -
sigma, and -alkyl interactions. The CFKRE compounds
attached to protein tyrosine kinases had weak hydrogen
bond interactions. Furthermore, they did not show an
interaction (Unfavorable Bump) with protein amino acid
residues, indicating that these compounds had no activity
as protein tyrosine kinase inhibitors.

Interactions

- Unfavorable Bump - Pi-Sigma
- Conventional Hydrogen Bond |:] Alkyl
|:| Carbon Hydrogen Bond |:] Pi-Alkyl

Figure 2. Visualization of the interaction of CFKRE
compounds with EGFR protein

3.2. Study of Molecular Dynamic (MD) Conformation of
Calix[4 ]Jresorcinarene Derivatives

Molecular dynamics studies conducted in previous
studies resulted in 72 conformational complexes of calix
with drugs with varying bond energy values. A total of 20
conformations were known to have low binding energies
and selected as primary candidates in finding suitable
host conformations for ligands. In general, the
conformation of the ligands in calixarene with MD 72 100
ns simulation observations is as follows: (A) the ligand
(imatinib) is in the calixarene ring; (B) the ligand
interacts with the inside of the calixarene without
crossing it, and (C) the ligand interacts with the outside
of the calixarene ring (Figure 3). Based on the resulting
complex interactions, the ligand interactions in the
calixarene ring showed the most stable binding energy of
—350.4 kcal/mol [21].
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Figure 3. Conformation of imatinib in calixarene with the simulated observation of MD 72100 ns
3.3. Synthesis of C-phenylcalix[4]resorcinarene
The compound C-phenylcalix[4]resorcinarene was

synthesized from benzaldehyde and resorcinol in ethanol
solvent under acidic conditions. The obtained product

was a pale-yellow powder solid with a yield of 84% and 050
had a melting point of 289°C. The results of the FTIR ) PO s
characterization of the compound C-phenylcalix[4] 020
resorcinarene are presented in Figure 4. 2 o
. .
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E \J T 8 The BC-NMR spectrum (Figure 6) shows 9 carbon
104 g - peaks, including a chemical shift of 153.12 ppm (peak 1),
which is the peak of the resorcinol aromatic ring carbon
0 bound directly to the oxygen atom of the OH group. The
: : . : . : : peaks at the chemical shifts of 145.76 —119.70 ppm are the
40003300 3000 2300 200015001000 s00 peak of the aromatic ring carbon. The chemical shift of
Wavenumber (cm!) 55.20 and 41.39 ppm are assigned to methine CH carbon
. atom. The synthesized C-phenylcalix[4]resorcinarene
Figure 4. FTIR spectrum of C- . .
- . compound will be used as a precursor for the synthesis of
phenylcalix[4]resorcinarene ) ) .
C-phenylcalix[4 ]resorcinarene epoxide (CFKRE)
The FTIR spectrum shows absorption at 1428 cm™, compound.
which is the absorption peak of the methine bridge
connecting the aromatic ring of resorcinol with o008

benzaldehyde. Another absorption peak is the presence of
two vibrational absorptions -C=C- at 1614 and 1511 cm?,
which are characteristic absorptions of aromatic
compounds. Meanwhile, the broad absorption at 3383
cm-!is a stretching vibration of the O-H group bound to
the aromatic resorcinol ring, stretched due to hydrogen 0.0004
bonds between molecules. 0.0003

0.0008

DPMSO 0.0007

0.0006

0.0005

0.0002

Characterization of CFKR compounds using *H-NMR
(in DMSO solvent) shows all protons in the corresponding
chemical shift (Figure 5). The methine bridge proton is
presented at a chemical shift of 5.64 ppm, while the

0.0001

I +0.0000

aromatic proton appeared at a shift of 6.13 and 6.95 ppm. Bo w0 10 o e e
The chemical shift of the hydroxyl proton is found at 8.53

ppm. There are peaks at chemical shifts of 2.50 and 3.48 Figure 6. 3C-NMR spectrum of C-
ppm, originating from DMSO and H.O solvents (possibly phenylcalix[4]resorcinarene

coming from DMSO, which absorbs water).
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3.4. Synthesis of C-phenylcalix[4]resorcinarene
epoxide

The compound C-phenylcalix[4]resorcinarene
epoxide (CFKRE) was synthesized from C-
phenylcalix[4]resorcinarene by alkylation of epoxide
with the addition of epichlorohydrin in alkaline
conditions. The product obtained was a brownish-cream
colored powder solid with 70% vyield. The results of the
FTIR spectrum of CFKRE compounds are presented in
Figure 7. The FTIR spectrum obtained shows absorption
at 1607, 1452, and 841 cm for the C=C, CH methine, and
CO epoxide groups, respectively, in CFKRE compounds.
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Figure 7. FTIR spectrum of CFKRE Compounds
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Figure 8. 'H-NMR spectrum of CFKRE Compound

Based on the 'H-NMR spectrum (Figure 8), the peak
at 6.21 ppm chemical shift (peak 1) indicates the
appearance of a multiplet which is the absorption of
vibration -C=C-. The success of epoxidation was
indicated by the appearance of protons in Csp2-H and CH,
epoxides at chemical shifts of 3.33 and 3.30 ppm (peaks 7
and 8) with multiplet and doublet appearances, and 8
protons integrated. The CFKRE compound was further
analyzed with BC-NMR, as shown in Figure 9. The
characteristics of CFKRE that emerged were the presence
of a carbon epoxide group as shown in the chemical shift
70.26, 49.76, and 43.50 ppm (peaks 8, 9, and 10). In
addition, the loss of the hydroxyl group peak indicates
that the epoxide alkylation reaction has been carried out
successfully.
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Figure 9. 3C-NMR spectrum of CFKRE Compound
3.5. Cytotoxicity assay

An anticancer activity assay using the MTT assay was
conducted on MCF-7 cancer cells and Vero cells. The
principle of the MTT assay is based on the ability of the
oxidoreductase enzyme found in live cancer cells to
reduce tetrazolium to formazan. The cytotoxicity assay in
this study aimed to determine the effect of the
concentration of CFKRE compounds on the viability of
MCF-7 cancer cells and Vero cells, as indicated by the ICso
value. Cytotoxicity assay showed differences between the
colony morphology of control cells MCF-7 (0 g/mL
CFKRE) and MCF-7 cells treated with CFKRE compounds.

MCF-7 Breast Cancer Cells

e o . % 9
¥ [ v ¥ 7 A Y. 4
\.,.'.' , 4 ” ' ¢
p £ 2 L e

Vero Cells

(b) (c)

Figure 10. Effect of CFKRE compound treatment on the
viability of MCF-7 cancer and Vero cells (100x
magnification) (a) Concentration 0 pg/mL; (b)
concentration 1.5625 pg/mL; (c) concentration

100 pg/mL

Figure 10 shows that concentrations of 1.5625 g/mL
and 100 g/mL still resulted in the high growth of MCF-7
cancer cells because they almost filled the well surface.
The same phenomenon was also found for the colony
morphology of Vero control cells (0 g/mL CFKRE) treated
with CFKRE compounds. Figure 10 shows that given
concentrations of 1.5625 g/mL and 100 g/mL resulted in
high normal cell growth of Vero because it filled all well
surfaces. Quantitative analysis was done by measuring
the absorbance, and the absorbance data obtained were
used to determine the ICso value.

Based on absorbance data and probit log analysis, the
CFKRE compound had an ICs, value of 4.04 g/mL against



Jurnal Kimia Sains dan Aplikasi 25 (3) (2022): 123-129 129

MCEF-7 cells, while the CFKRE compound had an ICso value
of 29.59 g/mL against Vero cells. The ICso value was higher
than the positive doxorubicin control (3.286 g/mL). These
results indicated that CFKRE compounds are toxic to
MCF-7 cancer cells but not to Vero cells.

4. Conclusion

The CFKRE compounds have activity as a weak
inhibitor of the PDGFR and EGFR protein receptors.
CFKRE compounds could interact to form complexes with
guests (drugs) with low and stable binding energies to
have the potential for drug delivery. The CFKRE
compounds could be synthesized, which produced a yield
of 70%. CFKRE compounds are not toxic to Vero/normal
cells but toxic to the MCF-7 cancer cells.
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