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Abstract

Background: Gallic acid is a naturally occurring phenolic molecule with antitumor effects on most forms of cancer. The impact of
Gallic acid on MDA-MB-231 breast cancer cells was investigated in the current study.

Methods: The cytotoxic effects of Gallic acid on MDA-MB-231 cells were investigated using caspase-8&9 activity and high content
screening assays. Apoptosis mechanisms following Gallic acid treatment were also investigated.

Results: Gallic acid have had greatest cytotoxic impact on MDA-MB-231 cells at a half-maximal inhibitory concentration (IC50) of
43.86 pg/mL. When MDA-MB-231 cells were treated with 200 pg/mL of Gallic acid, a substantial increase in caspase-8&9 activity
was also detected. In addition, Gallic acid (200 pg/mL) increased cell membrane permeability, cytochrome c level, and nuclear intensity
compared to untreated cells. Gallic acid (200 pg/mL) treatment resulted in a significant reduction in cell viability and mitochondrial
membrane permeability compared to untreated cells serving as the negative control.

Conclusions: High-content screening and caspase-8&9 activity tests indicated that Gallic acid was cytotoxic to MDA-MB-231 cells in
vitro. Gallic acid has shown as a potential chemopreventive agent for triple-negative breast cancer.
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INTRODUCTION:

Breast cancer is a significant life-threatening disease for women in the majority of Asian nations, and the prevalence is
rising more rapidly than in western countries, possibly due to changes in lifestyle and food [1]. Despite the enormous
progress that has been achieved in surgery, radiotherapy, and targeted therapy, drug resistance and metastases in this kind
of cancer continue to pose significant challenges. Therefore, there is a significant demand for new effective breast cancer
treatments [2]. Many effective anti-cancer medications today are derived from natural substances or their analogues, and
many more are undergoing clinical studies [3]. Gallic acid (3, 4, 5-trihydroxyl-benzoic acid) is a polyhydroxyl phenolic
substance that is widely distributed in fruits, gallnuts, green tea, and oak bark [4-6]. Gallic acid has been shown to have
a wide range of biological actions, including antibacterial properties [7] and anti-inflammatory activities [8]. Various
biological actions of Gallic acid, including antiviral, antibacterial, and anti-inflammatory properties, have been described
to date. However, the primary interest in Gallic acid is to its anti-tumor activity, which has been found in a range of cancer
cells [9, 10]. Gallic acid has been studied as a possible anticancer agent in several human cancer cell lines, including
MKN-28 (gastric cancer), TE-2 (esophageal cancer), HT-29 and Colo201 (colon cancer), CaSki (lung cancer) (cervix
cancer), and MCF-7 (breast cancer), [11]. Programmed cell death, also known as apoptosis, is an essential evolutionarily
conserved process for the formation and preservation of cellular homeostasis in multicellular animals that is disrupted in
cancer cells [12]. Apoptosis can result in alterations to cell properties. These modifications include caspase activation,
mitochondrial depolarization, cell volume reduction, and DNA breakage [13]. Caspases may cleave a variety of proteins
in different cell types [14]. These pathways control the on/off state of other proteins. In addition to their role in apoptotic
cell death, caspases have a role in biochemical processes such as nuclear fragmentation, chromatin condensation, the
production of active signaling molecules, and cellular contraction [15, 17]. Caspases are characterized principally
according to their involvement in apoptosis and their method of action. Caspases-8 and -9 are initiator caspases, whereas
caspases-3, -6, and -7 are executioner caspases [18]. Here, we examined the cytotoxic effects of Gallic acid on MDA-
MB-231 breast cancer cells and the anticancer activity of Gallic acid on triple-negative breast cancer cells.
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MATERIALS AND METHODS:

Cell culture

From the American Type Culture Collection, we obtained the MDA-MB-231 breast cancer cell line. At 37 degrees Celsius
in a 5% CO2 atmosphere. Cells were grown in Dulbecco's Modified Eagle medium (Life Technologies, Inc., Rockville,
MD, USA) supplemented with 10% heat-inactivated fetal bovine serum (Sigma-Aldrich, St. Louis, MO, USA), 1% each
of streptomycin and penicillin, and 2 mmol/L of glutamine [19].

Biological activity

Gallic acid was purchased from Sigma (St Louis, Missouri, USA). Tests using the MTT method were carried out at the
Biotechnology Research Centre Al-Nahrain University in Baghdad/Iraq, during the months of October 2021 and January
2022. At the Natural Product Research and Drug Discovery Centre, located in the Department of Pharmacology, Faculty
of Medicine, University of Malaya in Kuala Lumpur, Malaysia, tests for caspase-8 and 9 as well as high content screening
(HCS) were carried out between the months of November 2021 and February 2022. The MTT and HCS conducted as
previously reported [20].

Cytotoxicity assay (MTT assay)

Comply with the manufacturer's directions for installation [21]. 1 x 10* to 1 x 10° cells mL-1 were cultured to a final
volume of 200 mL well-1 in 96-well plates. Plates were covered with sterile parafilm, mixed gently, and incubated for 24
hours at 37 ° C, 5% CO 2 with gentle stirring. Following incubation, the medium was withdrawn and 200 mL of a 2-fold
serial dilution of Gallic acid (25, 50, 100, 200 pg/mL) was added to each well. At each concentration and control, triplicate
tests were conducted. 48 hours were spent incubating the plates at 37 °C and 5% carbon dioxide. Following extract
exposure, 10 mL of MTT solution was applied to each well. Plates were incubated for a further 4 hours at 37 °C and 5%
CO2. The medium was then removed with caution, 100 mL of the dissolving solution was added to each well, and the
plates were incubated for five minutes. Using an ELISA reader (Bio-Rad, Germany) and a wavelength of 575 nm,
absorbance was recorded. To compute the 1C50, a statistical analysis of the optical density values was done. As indicated
by the following equation:

Viability (%) = (optical density of sample/optical density of control) x100.

High-content screening

After MDA-MB-231 cells were treated in vitro to Gallic acid, five characteristics of the cells' health were measured using
a multiparametric cytotoxicity assay [22]. The variables were cell viability, total nuclear intensity, cell membrane
permeability, mitochondrial membrane permeability, and cytochrome c release. MDA-MB-231 Cells were stained with
Hoechst 33342 dye which enables monitoring of cell loss, nuclear morphology changes and DNA content, which is
proportional to the total Hoechst intensity per nucleus. Cells were also stained with permeability dye (Excitation
491/Emission 509), which enables monitoring of membrane permeability, and cells were stained with MMP dye
(Excitation 552/Emission 576) for mitochondrial membrane potential changes, and with goat antimouse secondary
antibody conjugated with DyLight TM for Cytochrome C releasing. An ArrayScan HCS Analyzer was used to look at
the plates (Thermo Scientific, USA).

Caspase-8 and -9 Activity Bioluminescent Assays

On a white 96-well microplate, Caspase-GloH 8 and 9 assay kits were used to conduct a time-dependent analysis of
caspase-8 and -9 activity. Cells were seeded at a concentration of 1 x 10 cells/well and treated with 100 pL of Gallic
acid (25, 50, 100, and 200 pg/mL) for 24 hours. Caspase activities were examined in accordance with the manufacturing
process. Briefly, 100 uL of caspase-Glo reagent was added and incubated for 30 minutes at room temperature. Apoptotic
cells with active caspases cleaved the aminoluciferin-labeled synthetic tetrapeptide, therefore releasing substrate for the
luciferase enzyme. The luminescence of each sample was measured using ELISA reader at 405 nm.

RESULTS

Cytotoxic effects of Gallic acid on MDA-MB-231 cell viability

Gallic acid's cytotoxic effects on the MDA-MB-231 cell line were determined using the MTT assay [23]. MDA-MB-231
cells were treated with Gallic acid at various doses (25, 50, 100, and 200 pg/mL) for 24 hours at 37 °C. The viability of
MDA-MB-231 cells treated with Gallic acid was resolved to be 33.91%, 38.33%, 49.68%, and 63.16 %, respectively, as
shown in Figure (1). The maximum cytotoxic activity (33.91%) was obtained at 200 ug/mL with an IC50 of 43.86 pg/mL.
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Figure (1): Dose-dependent cytotoxic effect of Gallic acid on MDA-MB-231 and WRL68 cells

Cytotoxic effects of Gallic acid on MDA-MB-231 cells using HCS

HCS was used to investigate the cytotoxicity of Gallic acid on MDA-MB-231 cells during 24 hours. Gallic acid was
employed at four different doses (200, 100, 50, and 25 pg/mL) to identify changes in MDA-MB-231 cell viability, nuclear
intensity, cell membrane permeability, mitochondrial membrane permeability, and cytochrome c. Table (1) displays the
differences in these five parameters. The largest significant changes in viable cell count, nuclear intensity, MMP, and
cytochrome ¢ were seen at a Gallic acid concentration of 200 pg/mL when compared to untreated cells as the negative
control (P <0.01).

Table (1): Cytotoxic effects of Gallic acid on cellular parameters by HCS.

HCS Cytotoxic effect
parameter (mean+SD)
Untreated 15 50 100 200 P value at
(ugml)  (ag/m)) (ng/mi) (ng/ml) 200 pg/ml
Ccv 214422504 19576137 926.0=4.000  926.0+4.000  906.7£21.83 0.0016
cp 85.33=8.083 76.33=6.110 70.33=6.506 77332517 11270292 0.0023
NI 448753197 4793=52.00  479.7=18.77  691.0=691.06 863.0£52.56  <0.0001
MMP 413.0£2498 404 0=5895  482.7+6621 37031159  2453+19.04 0.0023
cC 215322303 236322444 27805294  465.7=1290 52634008  <0.0001

MMP: mitochondrial membrane potential; CV: cell viability; NI: nuclear intensity; CP: cell permeability; CC:
cytochrome c. Untreated cell is the negative control.
*Significant differences (P < 0.01).

Cell viability

As seen in (Figure 2A), the viability of MDA-MB-231 cells decreased significantly with increasing Gallic acid
concentration over 24 hours. The percentage cell viability was 57.8% (200 pg/mL), 56.9% (100 pg/mL), 56.9% (50
pug/mL), and 8.8% (25 ug/mL) for cells treated with Gallic acid. (Table 3) demonstrates that the drop in cell count was
dose-dependent, with the greatest decline occurring after exposure to high concentrations 200 pg/ml (P 0.0016), 100
pg/ml (P 0.0018), and 50 pg/ml (P 0.0018), which agrees with the MTT results. As with other concentrations of 25 pg/ml,
the experiment reveals no significant suppression of cell count (P = 0.8535). Gallic acid at 200 pg/mL produced the
greatest decrease in cell number (906.7) compared to the negative control (2144) (P = 0.0016).

Cell membrane permeability

Compared to the negative control, treatment with 200 pg/mL Gallic acid substantially improved the permeability of MDA-
MB-231 cell membranes by 32% (P = 0.0023; Figure 2B). The permeability of MDA-MB-231 cell membranes at different
Gallic acid concentrations (100, 50, and 25 pg/mL) didn't vary significantly from the negative control.

Nuclear intensity

MDA-MB-231 cell nuclear intensity (Figure 2C) was significantly increased (92.3%; P= <0.0001with 200 pg/mL and
(54%; P=0.0002 with100 pg/mL) of Gallic acid compared with negative control. Nuclear intensities following treatment
with other Gallic acid concentrations (50, and 25 pg/mL) showed no significant difference compared with the control (P
<0.0001).

Mitochondrial membrane permeability

MDA-MB-231 mitochondrial membrane potential decreased with increasing Gallic acid concentration (Figure 2D). Only
the higher concentration of Gallic acid 200 pg/ml induced a significant decrease (P =0.0023) in MMP (40.7%) compared
to that of the negative control (P =0.0002).

Cytochrome c

Gallic acid treatment of MDA-MB-231 cells resulted in a dose-dependent increase in cytochrome C release (Figure 2E).
The release of cytochrome C was likewise considerably higher at 200 pg/mL (P <0.0001) and 100 pg/mL (P <0.0001) of
Gallic acid when compared to the intensity observed with the negative control. There were no significant differences
between the other Gallic acid concentrations.
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Figure (2): Effect of Gallic acid treatment on (A) cell viability, (B) cell membrane permeability, (C) nuclear intensity,
(D) mitochondrial membrane potential, and (E) cytochrome ¢ in MDA-MB-231: breast cancer cell line.

The effect of multi-parameter cytotoxicity (nuclear intensity, cell membrane permeability, mitochondrial membrane

potential, and cytochrome C release) on the nucleus and mitochondria of MDA-MB-231 cells is showed in Figure (3).
MMP

Nucleus Permeability Dye

Cytochrome

200 pg/ml

100 pg/ml

Control

Figure (3): Multi-parameter cytotoxicity on the nuclear and mitochondria of MDA-MB-231 cells.

Effects of Gallic acid on MDA-MB-231 cell caspase-8&9 activity
A significant increase in the mean activity of caspase-8&9 (23062+719.8) and (53753+2939) was observed in MDA-MB-
231 cells treated with Gallic acid (200 pg/mL) with an IC50 of 33.91 pug/mL figure (4, 5). Result shows a significant
increase in activity of caspase -8 in MDA-MB-231 cell line at 100 and 200 pug/ml compared to negative control (DMSO)
with evaluated p values 0.0074 and 0.0036 for mentioned concentrations respectively with using of doxorubicin as a
reference drug (positive control) the obtained data are listed in Table (2).

Table (2): Effect of Gallic acid on caspase 8 activity at (50, 100 and 200pg/ml)

Treatments  Mean £ SD Sig. P value
(Hg/ml)
Control 11944+671.8
(DMSO)
50 11529+1415 NS 0.9966
100 21402+1825 ** 0.0074
200 23062+719.8 ** 0.0036
doxorubicin  61943+2817 ol <0.0001

**: significant (p<0.1)
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Figure (4): Effect of Gallic acid on caspase 8 activity at (50, 100 and 200 ug/ml) compared with negative and positive

control

Considerable increase in caspase-9 appears at a treated concentration of 100ug/ml and 200ug/ml with 0.0046 and 0.0001
p values respectively, all of the concentration values have been compared with the MDA-MB-231 cells that have been
treated by doxorubicin as positive control and (DMSO) as negative control.

Table (3): Effect of Gallic acid on caspase 9 activity at (50, 100 and 200ug/ml)

Treatments Mean £ SD Sig. P value
pg/ml
Control (DMSO) 1440441317 --
50 13954+3291 NS 0.9992
100 3217943649 ol 0.0046
200 5375342939 ol 0.0001
doxorubicin 7717142464 wx <0.0001

**: significant (p<0.1)
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Figure (5): Effect of Gallic acid on caspase 9 activity at (50, 100 and 200 pg/ml) compared with negative and positive

control

DISCUSSION

We utilized the MTT colorimetric test to determine the effect of Gallic acid on the proliferation of MDA-MB-231 breast
cancer cells. To determine the viability of the cells, they were treated with various doses of Gallic acid for 48 hours. The
results demonstrated that Gallic acid dose-dependently suppressed cell proliferation (Figure 1). The maximum cytotoxic
activity (33.91%) was seen at a concentration of 200 pug/mL with an IC50 of 43.86 ug/mL, and there is a relatively less
effect on normal cells WRL68 with an IC50 of 73.8 pg/mL.

A relatively large dosage (800 pg/l) of Gallic acid has been shown to inhibit the proliferation of lung cancer cells A549
and Hela [24, 25]. A549 and HeLa are both kinds of cervical cancer. Intriguingly, earlier research indicates that very
modest doses of Gallic acid (170 g/ml) can also inhibit the development of the human breast cancer cell line MCF-7 [26].
In this work, Gallic acid at various doses (25, 50, 100, and 200 pg/ml) dramatically reduced the viability of MDA-MB-
231 TNBC (triple-negative breast cancer) cells. Different types of cell death and/or cell-cycle arrest can reduce the
viability of cells. It has been shown that Gallic acid therapies trigger cell death by many mechanisms, including cell-cycle
arrest, apoptosis, and necrosis [27].
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In HCS, MDA-MB-231 cells were used to evaluate the multiparametric cytotoxicity of Gallic acid. In this experiment,
five distinct parameters (cell count viability, nuclear intensity, cell membrane permeability, mitochondrial membrane
potential, and cytochrome C release) were identified, and images of untreated MDA-MB-231 cells were also processed.
Figure (2A) shows that when comparing untreated and treated MDA-MB-231 cells, the concentration of Gallic acid
required to significantly reduce the viable cell count was 200 pg mL-1. The drop in cell count at 200, 100, and 50 pug /mL
of Gallic acid compared to the control is statistically significant, but the reduction at 25 pg /mL concentration is not.
Gallic acid was found by MTT test to be cytotoxic to MDA-MB-231 cells, providing strong evidence for this conclusion.

Cell viability is a key toxicity assessment parameter [28]. Cell density and Gallic acid concentration affected the reduction
in viability. This impact may be caused by cytostatic and cytotoxic actions, both of which have the potential to inhibit the
functioning of telomerase [29]. When MDA-MB-231 cells were treated with increasing doses of Gallic acid, the outcome
was an increase in nuclear size. This was caused by enhanced nuclear swelling as well as increased permeability of the
cell membrane. The morphology of the nucleus, which was stained with Hoechst Blue, demonstrated nuclear
concentration, which is a phenomenon that generally takes place in the presence of high concentrations of Gallic acid
(200 ug mL-1). The effects was significantly different from untreated cells (Figure 2B) (p < 0.0023) and no such events
were induced at lower concentrations of Gallic acid. Changes in cell membrane permeability are often associated with
toxic or apoptotic responses. In addition to this, cytotoxicity can result in a disruption of the integrity of the cell membrane
[30]. It is possible for Gallic acid to change the composition of lipids in cells as well as their physical arrangement in the
plasma membrane. The continual activation of the second messenger and protein kinase C through the phospholipase
pathway is what causes this impact, which in turn causes a change in the permeability of the plasma membrane. Increased
plasma membrane permeability and sustained protein kinase C activity can affect binding outside the rod. On the other
hand, Figure (3) shows that the intensity of MDA-MB-231 cell membrane permeability (green) gradually increased in a
dose-dependent manner, and a significant increase was observed after exposure to Gallic acid 200 pg mL-1.

Results shows that the nuclear intensity increased significantly after exposure to 200 pg/mL (P <0.0001), and 100 pg/mL
(P 0.0002) of Gallic acid. The fluorescence intensity of Gallic acid is gradually increased dose dependence especially at
200 pg/ml as shown in Figure (2C)

The mitochondrial membrane potential of the cell, and the release of cytochrome C were also examined. As seen in
Figures (2D, 2E), only the higher dose of Gallic acid 200 pg/ml (P = 0.0023) significantly decreased the mitochondrial
membrane potential by 40.7%. The assessment of the mitochondrial membrane potential is dependent on the average
fluorescence intensity of the MMP dye, which permeates the mitochondria in each nucleus cytoplasmic area; the lower
the fluorescence intensity, the greater the influence on the mitochondria. Alternatively, the release of cytochrome C was
considerably higher at 200 pg/mL (P <0.0001) and 100 pg/mL (P 0.0001) of Gallic acid. Cytochrome C plays a crucial
part in the start of apoptosis, according to the literature, and can be released from mitochondria into the cytoplasm [31].
The treatment of MDA-MB-231 cells with Gallic acid produced a significant nuclear staining of cytochrome C, which
led to the conclusion that Gallic acid mimics cytochrome C from mitochondria to cytoplasm [32].

Caspases are a class of cysteine proteases that are subdivided into executioner caspases like caspase-3 or -7 and initiator
caspases like caspase-8 and -9. Caspase-8 is known to be triggered by an extrinsic mechanism, whereas caspase-9 is
activated by cytochrome ¢ leakage from mitochondria. Both initiator caspases can activate caspase-3 or -7, which commit
cells to apoptosis [33].

Figure (4) shows that the activity of caspase-8 in the MDA-MB-231 cell line increased significantly at 100 and 200 pg/ml
compared to the negative control (DMSO). The p values for these concentrations were 0.0074 and 0.0036, respectively,
when doxorubicin was used as a reference drug (positive control). After 24 hours, the MDA-MB-231 cells treated with
Gallic acid demonstrated a dose-dependent increase in the activation of caspase-9. All of the concentration values have
been compared to the MDA-MB-231 cells that have been treated with the negative control (DMSO) and doxorubicin as
a positive control figure (5). A significant increase is observed at concentrations of 100 pg/ml and 200 pg/ml, with p
values of 0.0046 and 0.0001, respectively. Obtained data are indication of the fact that the MDA-MB-231 cells that have
been treated with Gallic acid solution undergo the apoptosis through the disruption of the cytochrome C and cell
membrane release, due to the fact that those two events are highly correlated with activating the Caspases [34].

CONCLUSION

Gallic acid therapy significantly lowers the cell viability of the malignant human breast cancer cell line MDA-MB-231
by the activation of apoptosis, as indicated by an increase in caspase-9 activity at a concentration of 200 pug/mL, as
reported in the present study. The HCS experiment demonstrated that Gallic acid had dose-dependently toxic effects on
MDA-MB-231 cells at 200 pg/mL, with increased nuclear intensity, membrane permeability, and cytochrome c levels. In
addition, there was a reduction in cell viability and mitochondrial membrane potential. These results suggest that Gallic
acid may have powerful anti-tumor actions against malignant TNBCs in human.

Conflicts of Interest: None.
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