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INTRODUCTION
Amide cinnamate and cinnamic acid-related compounds 

constitute a class of anti-cancer agents, which include cinnamic 
acid, cinnamate ester, prenylated cinnamic acid, cinnamoyl 
ester, cinnamoyl toxoids, carbamoyl imidazole cinnamate, 
cinnamoyl pyrrole, cinnamoyl pyrrolidine, cinnamoyl triazole, 
cinnamoyl quinazoline, cinnamoyl pyrimidine, cinnamoyl 
piperazine, cinnamic-hydroxamic acid, and cinnamoyl 
hydrazides [1–16]. Structural modification plays a crucial 
role in the discovery of derivatives with specific biological 
activities [17]. Many amide cinnamate compounds have 
been synthesized and evaluated for their anti-cancer activity. 

2-methyl cinnamide, isolated from a Streptomyces griceoluteus, 
demonstrated significant anti-invasive or anti-metastatic effects. 
When used as pretreatment for malignant melanoma cells 
(C8161 and A375 M) in vitro, this compound exhibited a dose 
and time-dependent reduction in invasion (IC50 = 12.5 μg/ml)  
[1]. Amide cinnamate, cinnamic acid, ester cinnamate, and 
other related derivatives represent important drug candidates 
for anti-cancer therapy; however, their potential as anti-cancer 
agents is still underutilized. These compounds exert various 
anti-cancer effects, including cytotoxic, cytostatic, anti-tumors, 
anti-leukemic, anti-angiogenetic, anti-proliferative, inhibition 
of different enzymes, and DNA damage. 

Matrix metalloproteinases (MMPs) or matrix 
metalloproteinases are a type of endopeptidase consisting of 
pro-peptides and catalytic domains, which rely on zinc for their 
function [18]. They are classified as collagenase, stromelysins, 
or gelatinases based on their preference for different substrates 
[19]. Several types of cancer, including prostate cancer, 
mammary gland cancer, and alveolar cancer, have been found 
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ABSTRACT
Amide cinnamate and cinnamic acid derivatives are compounds that are potentially useful as anti-cancer agents. The 
purpose of this study is to assess the anti-cancer properties of seven derivatives of amide cinnamate using both in 
silico and in vitro methods. The study compared the potential anti-cancer activity of the seven derivatives of amide 
cinnamate and tamoxifen as a positive control. To evaluate the in silico anti-cancer activity, an α-estrogen receptor 
was used from the protein data bank (ID: 4 WZV). In addition, the in vitro analysis was conducted on the Michigan 
Cancer Foundation-7 breast cancer cell line. Out of all the cinnamic amide derivatives examined, phenyl amide 
cinnamate exhibited the strongest anti-cancer activity. This result was confirmed by molecular docking studies that 
explored the binding interactions between the amide cinnamate derivatives and cancer proteins. The docking score 
for phenyl amide cinnamate was the highest, followed by p-methoxy phenyl amide cinnamate and octyl amide 
cinnamate. However, all the cinnamic amide derivatives tested had lower activity than tamoxifen. The results of the 
docking studies revealed a significant correlation between the ligand-binding mode and the amino acid residues, as 
indicated by the in vitro bioactivity tests.
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μl/ml, respectively, and were incubated for 24 hours. After this, 
10 μl of AlamarBlue reagent was added to each well and the 
plates were incubated for 3 hours. The fluorescence was then 
measured at 560 nm excitation and 590 nm emission using a 
Varioskan microplate reader [24–26]. 

Molecular docking study
AutoDock 4.2 program was used to conduct molecular 

docking studies on amide cinnamate derivatives as potential 
anti-cancer agents. The purpose of this study was to gain insight 
into the binding mode of interaction between these derivatives 
and cancer receptors, particularly the α-estrogen receptor 
obtained from protein data bank (PDB) with PDB ID: 4WZV, 
which underwent external validation. The amide cinnamate 
derivatives were converted into a 3D structure, minimized, and 
converted into mol2 format before being saved as pdbqt. The 
receptor was prepared by removing water, adding hydrogen 
atoms, and providing Gasteiger partial charge before being 
saved as pdbqt. A grid file was created based on the native 
ligand active site pocket with dimensions of 40 × 40 × 40 and 
coordinates of x = −0.769, y = −0.934, and z = 30.686. A grid 
file and a docking file were generated in gpf and dpf formats, 
respectively. The results of the docking study were determined 
by the binding energy value between the receptor and ligand 
based on the lowest energy [27–29]. 

RESULTS AND DISCUSSION
The development of new drugs is crucial in the search 

for effective treatments to inhibit the growth of cancer cells. 
Drug development research typically involves in vitro studies 
using cancer cells and in silico prediction of structure-activity 
mechanisms for newly synthesized compounds. Quantitative 
structure and activity relationship (QSAR) is a useful tool to 
examine the effect of functional groups on the biological activity 
of chemical compounds. Understanding QSAR can increase the 
potential biological activity of a chemical, leading to the design 
of compounds with higher efficacy in inhibiting the growth of 
cancer cells. Design strategies for new drug compounds should 
consider factors such as polarity, steric factors, log P values, 
Lipinski’s rule, and a variety of functional groups. 

Table 1 lists the design of amide cinnamate derivatives 
(compounds 1-9) and their respective log P, molecular weight, 
and molecular formula. The evaluation of in vitro and in silico 
anti-cancer activity of amide cinnamate derivatives (compounds 
1-9) was conducted to see the QSAR. Figure 1 shows the effect of 
amide cinnamate derivatives concentration on their cytotoxicity 
to MCF-7. The concentration of 100 µg/ml was used as an initial 
screening for in vitro anti-cancer cell line activity of extracts, 
fractions, or compounds in our lab. If activity was observed, 
testing at lower concentrations in this study was tested at 40 µg/
ml. Almost all amide cinnamate derivatives at the concentration 
of 100 µg/ml had strong inhibition to the MCF-7 cell growth. 
This observation indicated that at this concentration, almost all 
the amide cinnamate derivatives possessed potential activity as 
anti-cancer. Nevertheless, when the sample concentration was 
lowered to 40 µg/ml, most of the compounds with hydroxyl 
substituents in the carboxylate group completely lost their 
cytotoxicity to MCF-7 (compound 2). Moreover, the same 

to express MMP-9. Natural and synthetic inhibitors of MMP-
9 protein are useful for cancer treatment. Recently, cinnamic 
acid derivatives have been identified as effective and specific 
inhibitors of MMP-9 for cancer treatment [20]. 

Previously, we conducted a study in which we 
designed, synthesized, and examined the molecular docking of 
several novel bioactive derivatives of methyl trans-cinnamate 
[21,22]. In this study, we used methyl trans-cinnamate as 
the lead compound. We removed the methyl ester group and 
replaced it with an amide group, after which we investigated 
the anti-cancer activity of these amide cinnamate derivatives 
using the Michigan Cancer Foundation-7 (MCF-7) breast 
cancer cell line in vitro. In addition, we performed in silico 
studies to evaluate the potential of these compounds as MMP-
9 inhibitors. This study is particularly useful for exploring 
molecular interactions, predicting the behavior of complex 
systems, analyzing large datasets, and making predictions 
about the outcomes of experiments or observations that might 
be time-consuming or costly to perform in a laboratory or in 
vivo setting. In silico studies are commonly employed in fields 
such as drug discovery, protein structure prediction, molecular 
dynamics simulations, genomics, and systems biology. These 
studies can provide valuable insights and guide experimental 
research by narrowing down potential areas of interest and 
helping researchers make informed decisions about which 
experiments to pursue further. Finally, we assessed the 
correlation between the in vitro and in silico anticancer activity 
testing of the cinnamate amide derivatives.

MATERIALS AND METHODS

Materials
For this study, we utilized compound 1, which is methyl 

trans-cinnamate isolated from Alpinia malacensis, as well as 
compound 2, trans-cinnamic acid that was obtained through 
the hydrolysis of compound 1. We also synthesized compounds 
3-9 through the amidation reaction between alkyl amines 
and cinnamic acid [23]. All of these compounds (compounds 
1-9) were subjected to spectroscopic characterization using 
a variety of techniques, including UV spectrophotometry, 
Fourier-transform infrared spectroscopy, 1H-NMR, 13C-NMR, 
gas chromatography–mass spectrometry, and electrospray 
ionization quadrupole time-of-flight mass spectrometry. Alamar 
Blue (Invitrogen™, DAL1025, Oregon, US), Dulbecco’s 
modified Eagle’s red medium (Gibco, DMEM, Grand Island, 
US), Fetal Bovine Serum (Gibco, US).

In vitro anti-cancer activity
In order to assess the anti-cancer activity of 

compounds 1-9, an in vitro test was conducted using the breast 
cancer cell line MCF-7. This test was performed by measuring 
cell viability using AlamarBlue. The cells were cultured using 
Dulbecco’s modified Eagle’s red medium supplemented with 
10% v/v fetal bovine serum and 1% antibiotic-antimycotic and 
were incubated at 37°C with 5% CO2. The cells were seeded in 
each well at a concentration of 5 × 104 cells/ml and incubated 
for 3 hours at 37°C under 5% CO2. The samples and tamoxifen 
were added to the wells at concentrations of 100 μl/ml and 40 
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MCF-7 was more than 40%. Molecular weight and log P value 
were also found to be important aspects. From the data shown in 
Table 1, compounds 9, 7, and 8 demonstrated good inhibition. 
The highest cytotoxicity was displayed by compound 8 (Fig. 1). 
The results obtained in this study indicated that cytotoxicity or 

observation occurred in the amide cinnamate derivatives with 
short-chain alkyl amine substituents in the carboxylate group 
(compounds 4 and 6). When the substituent of the carboxylate 
group was long-chain alkyl amine (compound 7) or alkyl amine 
with benzene ring (compounds 8 and 9), percentage inhibition to 

Table 1. Tested samples of amide cinnamate derivatives.

No Amide cinnamate 
derivatives

Molecular 
weight Log P Formula Structure of amide derivatives

1 Methyl trans-cinnamate 148.16 2.20 C10H10O2

2 trans-cinnamic acid 147.17 1.93 C9H8O2

3 Amide cinnamate 175.23 1.42 C9H9NO

4 Ethyl amide cinnamate 189.25 1.86 C11H13NO

5 Propyl amide cinnamate 189.25 2.34 C12H15NO

6 Isopropyl amide cinnamate 189.25 2.17 C12H15NO

7 Octyl amide cinnamate 259.39 4.43 C17H25NO

8 Phenyl amide cinnamate 223.27 3.18 C15H13NO

9 Methoxyphenyl amide 
cinnamate

253.30 3.05 C16H15NO2

10 Tamoxifen 371.22 6.07 C26H29NO



 Ernawati et al. / Journal of Applied Pharmaceutical Science 14 (03); 2024: 102-107 105

potential anticancer activity mainly contributed to the amide 
structure present in the compound. This observation was 
in agreement with the results reported on the natural amide 
cinnamide isolated from Streptomyces griseoluteus [1]. The 

Figure 3.  (a) 2D and (b) 3D interaction of binding mode of amide cinnamate derivatives with 4WZV enzyme.

Table 2. Molecular docking of amide cinnamate derivative results.

No Amide cinnamate derivatives 
samples ΔG (Kcal/mol) Ki (µM)

1 Methyl trans-cinnamate −7.24 4.930

2 trans-cinnamic acid −5.87 49.62

3 Amide cinnamate −7.60 2.700

4 Ethyl amide cinnamate −7.93 1.550

5 Propyl amide cinnamate −8.43 0.666

6 Isopropyl amide cinnamate −8.46 0.630

7 Octyl amide cinnamate −9.22 0.173

8 Phenyl amide cinnamate −9.64 0.085

9 Methoxyphenyl amide cinnamate −9.61 0.091

10 Tamoxifen −11.70 0.002

Figure 2. Microscopic observation of cytotoxic activities of amide cinnamate 
derivatives against MCF-7 cancer cells line. (a) Control cells (untreated), treated 
cells with 40 µg/ml with (b) methyl trans-cinnamate (compound 1) and (c) phenyl 
amide cinnamate (compound 8).

Figure 1. Percentage inhibition of amide cinnamate derivatives at sample 
concentration of 100 and 40 µg/ml to MCF-7 cell growth.

microscopic observation of control cells (no sample addition) 
and cytotoxicity (40 μg/ml sample concentration) of compound 
1 (moderate activity) and compound 8 (highest activity) are 
shown in Figure 2. This result clearly showed that most cells 
treated with compound 8 were unattached to the well. 

Table 2 summarizes the molecular docking simulation 
results of compounds 1-8. The results of this docking study 
were expressed by the amount of energy required to bind 
the mode interaction in the 4 WZV receptor. The lower 
the energy required, the more potential the compound is in 
binding to the binding mode interaction with the receptor. 
The docking protocol was validated by re-docking the native 
ligand compound into the 4 WZV receptor pocket. Validation 
is considered to be quite feasible if the root mean square 
deviation value from the re-docking results is below 2 Å. 
Phenyl amide cinnamate (8), methoxyphenyl amide cinnamate 
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CONCLUSION
To summarize, this study identified three amide 

cinnamate derivatives, phenyl amide cinnamate (8), 
methoxyphenyl amide cinnamate (9), and octyl amide 
cinnamate (7) with potent inhibitory activity against MCF-
7 cells. The presence of amide substituents of cinnamate 
led to altered MCF-7 cells’ inhibitory activity, which was 
supported by the docking results showing a significant 
correlation between the ligand binding mode and amino acid 
residues observed in the in vitro bioactivity test. Among the 
six amide cinnamate derivatives, phenyl amide cinnamate (8) 
exhibited the highest potent inhibitory activity (94.8% and 
90.8% inhibition at 100 and 40 μg/ml, respectively) and also 
showed the best activity of interaction with MMP-9 protein 
in the molecular docking results (ΔG = −9.64 Kcal/mol, Ki = 
0.085 µM). Therefore, further evaluation of the activity of this 
compound is warranted.
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(9), and octyl amide cinnamate (7) showed good binding 
mode binding at the 4 WZV receptor active site. Several 
amide cinnamate compounds were designed to identify a 
new set of molecules to increase the inhibitory activity of 
MMP-9 as an anticancer agent. Based on the pharmacophore, 
amide cinnamate derivatives were selected for the design 
of newer analogs by forming amide linkages with alkyl and 
aryl. Among several amide cinnamate derivatives, phenyl 
amide cinnamate (8), methoxyphenyl amide cinnamate (9), 
and octyl amide cinnamate (7) were found to be closer and 
interact better at the MMP-9 protein-binding site. The amide 
cinnamate compound exhibited a binding pattern almost 
similar to that of the native 4 WZV receptor ligand. The 
amino acid residues important in MMP-9 protein-binding 
were Leu188, Glu277, His226, Tyr248, Arg249, Met247, 
Tyr245, Leu243, and Ala242. The amide cinnamate compound 
represented an initial breakthrough in the design of several 
effective MMP-9 inhibitors for potential cancer treatment. 
The molecular docking results indicated that phenyl amide 
cinnamate (8), methoxyphenyl amide cinnamate (9), and octyl 
amide cinnamate (7) were thought to act as strong inhibitors 
of MMP-9. The visualization of the interaction of the ligand-
binding mode with the MMP-9 protein is shown in Figure 
3. The results of molecular docking revealed that there is a 
notable correlation between the binding mode of the ligand 
and the amino acid residues, which is consistent with the 
findings from the in vitro bioactivity test. Additionally, the in 
silico study of docking amide cinnamate compounds with a 
cancer receptor protein showed a significant correlation with 
the in vitro study of amide cinnamate compounds on MCF-
7 cancer cells. This correlation is evident in Figure 4, where 
there is a significant correlation between the predicted and 
experimental ΔG values.

Figure 4. Correlation of ΔGprediction and ΔGexperimental of amide cinnamate 
derivatives at sample concentration of 100 and 40 µg/ml.
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