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Abstract. Breast cancer is the most common cancer in women. Based on WHO
data in 2011, it is estimated that more than 508,000 women worldwide died of
breast cancer. In Indonesia, the prevalence of breast cancer is 26.5% of all cancer
cases, in which become the second frequent cancer. To date, the treatments for
breast cancer are surgery, radiation therapy, chemoradiation, or combination ther-
apy. However, the high rate of complications and side effects caused led to the need
for the development of other therapies. Gallic acid is known to have potential anti-
cancer effects. Structure modification on gallic acid by esterification of carboxyl
group into alkyl gallate derivatives would change the hydrophobicity, as well as
change its solubility and cytotoxicity against cancer cells. In this research, ten gal-
lic acid derivatives (alkyl gallates) have been synthesized from the esterification
of gallic acid and corresponding alkyl alcohol. Purification of the derivatives were
conducted by flash column chromatography on silica gel by using the mixture
of chloroform and methanol as mobile phase. Cytotoxic activities of gallic acid
and its synthesized alkyl gallates against breast MCF-7 cancer cells were eval-
uated by MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium) assay. The data were analyzed by linear regression
method to generate IC50 value. Among alkyl gallate derivatives, isoamyl gallate,
heptyl gallate and octyl gallate showed a moderate cytotoxicity on breast MCF-
7 cancer cells with IC50 values of 58.11; 25.94 and 42.34 µg/mL, respectively.
Thus, isoamyl gallate, heptyl gallate and octyl gallate should be further developed
as potent and promising agents for the treatment and therapy of breast cancer.
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1 Introduction

The Breast cancer is the most common cancer in women and is the secondmost common
type of cancer in theworld. Based onGLOBOCAN(2012), the incidence of breast cancer
worldwide reaches 11.9%, while in Indonesia, breast cancer is the most common cancer
with a prevalence of 26.5% [1]. The survival rate of breast cancer is low. American
Cancer Society states that the 5-year survival rate of patients with stage IV of breast
cancer is only 22% [2]. The high mortality rate and the low survival rate of breast cancer
are caused by inadequate breast cancer treatment. According to guideline from ESO
(European School of Oncology) and ESMO (European Society of Medical Oncology),
breast cancer treatment includes surgery, chemotherapy, and radiation. Determination of
the treatment modality applied to breast cancer case is based on the stage in which breast
cancer is detected. In cases of early-stage breast cancer, the recommended treatment
is surgery. The treatment of choice for advanced breast cancer is chemotherapy and
radiation [3]. However, chemotherapy and radiation are not selective to kill the cancer
cells, it can also affect the normal cells. Therefore, research to find the more effective
anti-breast cancer agents are needed.

Gallic acid or trihydroxybenzoic acid is a bioactive compoundwhich is found inmany
plants and fruits. The previous studies revealed that gallic acid showed antifungal, anti-
bacterial and anti-cancer effects. According to Inoue et al. [4], three adjacent phenolic
hydroxyl groups in gallic acid are essential to the cytotoxicity. Meanwhile, carboxyl
group in gallic acid is likely to be necessary for the selectivity of gallic acid to cancer cells.
It seems that mitochondrial membrane potential is a common target of these compounds
to cause apoptotic process in the cancer cells [4]. Wang et al. reported that gallic acid
also has an anti-cancer effect against human breast cancer MCF-7 cells [5]. Study by
Inoue et al. [4] and Serrano et al. [7] have revealed that gallic acid prompted apoptosis in
cancer cells as an accompaniment of oxidative stresses frommitochondrial dysfunction,
reactive oxygen species (ROS), and an incline in intracellular Ca2+ level. However,
its hydrophilicity restricts gallic acid from passing the target cell membrane [6, 7]. To
increase the potential anticancer activity and hydrophobicity of gallic acid, further study
in gallic acid derivatives is needed. Modifying structure of gallic acid by esterification
its carboxyl group into alkyl gallate derivatives would change the hydrophobicity, as
well as change its solubility and cytotoxicity against cancer cells [8]. Locatelli et al.
[8] concluded that the effectiveness of gallic acid derivatives (alkyl gallates) against
some cancer cells was caused by the differences in their hydrophobicity which was
influenced by the length of the carbon chain of the alkyl group in alkyl gallates. The
longer and more branched carbon chain of the alkyl group in alkyl gallate, the stronger
its hydrophobicity, so it will be easier to penetrate cell walls and provide therapeutic
effects in cells. However, the longer carbon chain, the greater molecular weight of an
alkyl gallate, causing it more difficult to diffuse through the cell membrane [8]. This
fact indicates that it is very important to search the alkyl gallate with a certain carbon
chain length of alkyl group that can optimally penetrate into the cell wall and inhibit the
growth of cancer cells effectively. In this study, cytotoxicity of a series of synthetic alkyl
gallates with linear and branch carbon chain of alkyl groups would be tested against
MCF-7 breast cancer cells using the MTS assay. We hypothesized that alkyl gallates
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with linear or branch alkyl substituent show greater cytotoxicity against MCF-7 cells
compared to original compound, gallic acid.

2 Materials and Methods

Flowchart of experimental design (conceptual framework) is displayed in Fig. 1, as
follows.

2.1 Gallic Acid and Alkyl gallates

Gallic acidwas purchased fromSigma-Aldrich andwas analyzed for its purity byNuclear
Magnetic Resonance (NMR). From the results of the analysis, the purchased gallic acid
has a purity of 99%. Ten alkyl gallate derivatives of gallic acid, namely methyl gal-
late, ethyl gallate, propyl gallate, butyl gallate, isobutyl gallate, t-butyl gallate, amyl
gallate, isoamyl gallate, heptyl gallate, and octyl gallate, have been synthesized previ-
ously through esterification reaction between gallic acid and the corresponding alkyl
alcohol. The synthesized alkyl gallates were purified by flash column chromatography
on silica gel (gradient elution method), with the mixture of chloroform and methanol
as mobile phase. The purity of the synthesized alkyl gallates have been confirmed by
thin layer chromatography (TLC) with UV lamp at 254 nm and 366 nm as a visualized
spot, which showed there was only one spot and no other impurity spots on the TLC
plate. Confirmation of the purity and structure elucidation of the synthesized alkyl gal-
lates were determined by 1H (proton) and 13C (carbon) Nuclear Magnetic Resonance
(NMR), which showed the purity of the synthesized alkyl gallate ranging from 96–98%.

Gallic acid and its derivatives of alkyl gallates were dissolved in DMSO and then
diluted using a medium containing DMEM, 10% of fetal bovine serum, 1% of penicillin

Fig. 1. Conceptual framework of research.
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streptomycin and 1% of Fungizon to reach a concentration of 51.2µg/mL. This solution
was then taken partially to be diluted to obtain the variety concentration of 0.4; 0.8; 1.6;
3.2; 6.4; 12.8 and 25.6 µg/mL, which will be used for experiment.

2.2 Medium Preparation and Cell Culture

MCF-7 breast cancer cells (Fig. 2) obtained from Department of Pathological Anatomy,
Faculty of Medicine, University of Indonesia. MCF-7 cells were cultured by DMEM
medium with 10% Fetal Bovine Serum supplementation. The medium is made by addi-
tion of DMEM into distilled water, the solution is stirred while bicarbonate is added to
reach pH of 7.2 to 7.4. Subsequently, the solution is diluted by distilled water until it
reaches the desired concentration. Fetal Bovine Serum (FBS), PenStrep and Fungizon
were then added into the solution until their concentration of 10%, 1% and 1% in the
solution, respectively. The solution was filtered with minisart syringe filter. The filtrate
was transferred to a sterile container by syringe.

The culture was performed using sterile technique in a laminar flow hood, incubated
in an incubator with 5% of CO2 at the temperature of 37 °C. The MCF-7 cancer cells
were counted using the Neubauer counting chamber. A total of 10 µL of the cells was
mixed with 10 µL of 0.1% trypan blue dye. The mixture was homogenized and then
put into the Neubauer counting chamber and viewed under a light microscope. The cells
were counted using the principle that cells attached to the right and top lines would be
counted, while those attached to the left and bottom lines were not counted. The counted
cells will be cultured for experiments.

Cell culture was performed by placing the cells in a TC flask filled with the medium.
Cell culture was carried out in a sterile condition on biosafety cabinet to prevent contam-
ination. Then, the cells in TC flask were put into an incubator at 37 °C with 5% of CO2,
the cells growth was observed every day. If the cells have grown to fill the TC flask, the
cells will be harvested for storage or replanting, or used as experimental material.

Harvesting cells was conducted by removing the medium and washing the cells with
PBS, then carefully removing the PBS. Add 1 ml of trypsin to release the attached cell
in the TC flask, then the cells were transferred to a 15 mL of tube containing the stock

Fig. 2. MCF-7 breast cancer cells before treatment.
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medium. The solution was centrifuged and the supernatant was discarded, and cells were
counted using a Neubauer counting chamber.

2.3 MTS Assay

The cytotoxicity evaluation of gallic acid and its derivatives of alkyl gallates against
MCF-7 breast cancer cells were carried out by MTS assay. MTS assay gives convenient
step by adding reagent directly to the cell culture without additional intermittent step
needed in the MTT assay. Besides that, the purple formazan product in MTS assay is
soluble, whereas the formazan product in MTT assay is not soluble [9]. The cultured
MCF-7 breast cancer cells were put into a 96-well microwell of 1 × 104 cells/well.
The cells were left overnight to allow its attachment to the well. The medium will then
be replaced with the testes compound, gallic acid and alkyl gallates, with the variety
concentration of 51.2; 25.6; 12.8; 6, 4; 3.2; 1.6; 0.8 and 0.4 µg/mL. The mixture was
incubated for 48 h. Then, 20 µL of MTS solution which had been mixed with PMS in
a ratio of 20:1 was added to each well and then incubated for 2 h. After incubation, the
absorbance of the solution was measured on a microplate reader with a wavelength of
490 nm.

2.4 Data Analysis

In this work, the data were analyzed by linear regression method, which has advantages
such as easy to be implemented and interpreted, as well as it can be applied well for
linearly separable data.

The data obtained in the form of absorbance (Abs.) in ELISA reader with a wave-
length of 490 nm. From the data obtained, the percentage of viability (% viability) is
calculated using the formula:

% viability = Abs. of sample - abs. of blank

Abs. of control - Abs. of blank
× 100% (1)

The linear regression equation, y= ax+ b, was obtained by plotting of log concen-
tration of the sample in x axis versus percentage of viability in y axis. R-squared (R2) is
used for data analysis. In this research, we used high standard of R-squared with value
of 0.95 or above, which shows high level of correlation and statistically significant.

3 Result and Discussion

In this research, cytotoxicity evaluation of gallic acid, doxorubicin (positive control)
and alkyl gallates were determined by MTS assay. MTS assay is an assay technique
using MTS tetrazolium reagent which is used to detect cell viability. MTS tetrazolium
can be reduced by viable cells to form purple formazan product which can be dissolved
in the cell culture medium [9]. In this work, the MTS assay of heptyl gallate against
MCF-7 cells represented the cytotoxicity results for all alkyl gallate derivatives. The
purple formazan was formed after MCF-7 cells treated by MTS and heptyl gallate in
concentration of 51.2 µg/mL (Fig. 3a) and 1.5 µg/mL (Fig. 3b). As shown in Fig. 2,
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Fig. 3. MCF-7 cells after treated by MTS and 1.5 µg/mL of heptyl gallate (a), and after treated
by MTS and 51.2 µg/mL of heptyl gallate (b).

the greater purple formazan was formed when MCF-7 cells treated by heptyl gallate in
concentration of 1.5 µg/mL, whilst the treatment of MCF-7 cells with heptyl gallate in
concentration of 51.2 µg/mL resulted in decreasing the formation of purple formazan.
This result indicating that heptyl gallate inhibiting the growth of breast MCF-7 cancer
cells in dose-dependent manner. In which, the higher concentration of heptyl gallate, the
stronger its inhibition on MCF-7 cells, thus the lower MCF-7 cell viability, as shown by
the lower absorbance.

Linear regression of log concentration in x-axis versus percentage of cell inhibition
in y-axis for the best three cytotoxic compounds onMCF-7 cells, namely isoamyl gallate,
heptyl gallate and octyl gallate, are displayed in Figs. 4, 5 and 6, respectively.

Cytotoxic activity of gallic acid and alkyl gallate derivatives expressed in IC50 value,
which is defined as the concentration is required to inhibit 50% of cancer cells growth.
The smaller IC50 value, the greater cytotoxic activity. Substituting y with 50 in linear
regression equation of y = 45.071x + 28.894 (R2 = 0.9807) for isoamyl gallate in
Fig. 4 to give log of IC50, thus anti log or inverse log of IC50 will give the IC50 value of
isoamyl gallate (58.11 µg/mL). We used the same way to calculate the IC50 value for
heptyl gallate (Fig. 5), octyl gallate (Fig. 6), and other derivatives of alkyl gallate.

Cytotoxicities (IC50 values) of gallic acid, doxorubicin (positive control) and ten
alkyl gallates against breast MCF-7 cancer cells are summarized in Table 1.
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Fig. 4. Linear graph of isoamyl gallate on MCF-7 cells.

y = 24.852x + 16.176
R² = 0.9706
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Fig. 5. Linear graph of heptyl gallate on MCF-7 cells.

y = 30.344x + 1.270
R² = 0.9566
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Fig. 6. Linear graph of octyl gallate on MCF-7 cells.

Based on classification provided by Atjanasuppat et al., an extract or compound has
a very active cytotoxicity against cancer cells if the IC50 value < 20 µg/mL; moderate
cytotoxicity (IC50:20–100 µg/mL), weak cytotoxicity (IC50:100–1000 µg/mL, and no
cytotoxic activity (IC50 > 1000 µg/mL) [10].

As shown inTable 1, doxorubicin as a positive control (IC50: 6.58µg/mL) showed the
most active cytotoxicity against breast MCF-7 cancer cells. In contrast to doxorubicin,
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Table 1. Cytotoxicity (IC50 value) of gallic acid, doxorubicin and alkyl gallates against breast
MCF-7 cells

Compound IC50 (µg/mL)

Gallic acid 166.90

Methyl gallate 113.25

Ethyl gallate 130.12

Propyl gallate >1000

Butyl gallate >1000

Isobutyl gallate 227.83

Tert-butyl gallate 151.20

Amyl gallate >1000

Isoamyl gallate 58.11

Heptyl gallate 25.94

Octyl gallate 42.34

Doxorubicin 6.58

propyl gallate, butyl gallate and amyl gallate with IC50 value over than 1000 µg/mL
were assigned no cytotoxicity against breast MCF-7 cancer cells.

Methyl gallate (IC50: 113.25 µg/mL) and ethyl gallate (IC50: 130.12 µg/mL), Tert-
butyl gallate (IC50: 151.20 µg/mL), isoamyl gallate (IC50: 58.11 µg/mL), heptyl gallate
(IC50: 25.94 µg/mL) and octyl gallate (IC50: 42.34 µg/mL) have higher cytotoxicity
against breast MCF-7 cells compared to gallic acid (IC50: 166.90 µg/mL). Isobutyl
gallate and tert-butyl gallate show a greater cytotoxicity than butyl gallate, as well as
isoamyl gallate has a stronger cytotoxicity against breast MCF-7. This is suggesting that
branched carbon chain of alkyl group in isobutyl gallate, tert-butyl gallate and isoamyl
gallate more important for cytotoxicity against MCF-7 cells compared to linear carbon
chain of alkyl group in butyl gallate and amyl gallate. Previous research by Frey et al. [11]
gave similar results with this study, in which, isobutyl gallate that has branched-chain
substituent demonstrated a stronger cytotoxicity compared to butyl gallate which has a
linear chain substituen against sarcoma 786A, adenocarcinoma TA3, and multiresistant
variant TA3-MTX-R cell lines. Correspondingly, cytotoxicity of isoamyl and isopropyl
gallate against sarcoma 786A, adenocarcinoma TA3 and TA3-MTX-R were higher than
the cytotoxicity of amyl gallate and propyl gallate [11]. Another study by Mannhold
et al. [12] revealed that the addition of branched carbon chain to the derivative of gallic
acid will change the solubility. Chain branching allows the derivative compound to be
more lipophilic owing to the decreasing in polarity, thus making it easier to penetrate
the lipid bilayer [12].

Among the series of alkyl gallates, Isoamyl gallate, heptyl gallate and octyl gal-
late demonstrated a strong cytotoxicity against MCF-7 cells. The strongest cytotoxicity
on breast MCF-7 cancer cells has been shown by heptyl gallate with IC50 value of
25.94 µg/mL. This result indicating that modifying of carboxyl group in gallic acid into
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six linear carbon chain of heptyl group in heptyl gallate has been successfully improved
its cytotoxicity against breastMCF-7 cancer cells. The apparentlymore cytotoxic activity
of heptyl gallate seemed to be related with alkyl chain lengths. The longer alkyl chain is
formed, the greater partition coefficient value, signifying higher lipophilicity. Hence, the
length of the lipophilic alkyl side chain may apply a powerful impact on the membrane
affinity of these compounds, a hypothesis that is in accordancewith other studies on alkyl
gallates [13, 14]. The lipophilic property increases the permeability for cell membranes
so that it can easily diffuse through transmembrane and perform localization in cell line
[8]. Locatelli et al. proved that less lipophilic substances are less efficient in reaching
the interior of the cells or sending cell-death signals [15]. As a result, heptyl gallate has
higher cytotoxic effect than other alkyl gallate with shorter side chains, such as methyl
gallate, ethyl gallate, propyl gallate, butyl gallate, and amyl gallate. Compared to heptyl
gallate, modifying of carboxyl group in gallic acid into eight linear carbon chain of octyl
group in octyl gallate resulted in decreasing in its cytotoxicity against MCF-7 cells. This
fact suggesting that the existence of six linear carbon chain in heptyl gallate contributed
to the optimalization of its cytotoxicity against MCF-7 cells. Thus, heptyl gallat shows
the most ability to inhibit the growth of MCF-7 cancer cells effectively and optimally
compared to others alkyl gallate derivatives.

As a conclusion, we have evaluated cytotoxic activity of ten alkyl gallate derivatives
of gallic acid against breast MCF-7 cancer cells. Among them, heptyl gallate showed the
greatest cytotoxicity againstMCF-7 cells, thus heptyl gallate should be further developed
as potent and promising anti-breast cancer agent.
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